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Gathering, editing and distributing € 


INFORMATION for users of alloys 


*h t 


To aid users of Nickel alloys, thirty 
service centers are maintained in 
industrial areas. From these strateg- 
ically located key points, our field 
representatives are on call to advise 
American industry about the selec- 
tion, fabrication and uses of ferrous 
andnon-ferrousmaterials. Assistance 


is also given on problems arising 


THE INTERNATIONAL NICKEL COMPANY, INC. 


I—Field offices of thé ; 


Development and Research Division 


-- C—Distributor’s Casting Service Centers 


from the temporary lack of Nickel. 


Through the years, research, field 
studies and user experience have all 
contributed to a fund of practical, 
time-proved information. Many of 
these data have been compiled in 
convenient printed form, useful 
both to experienced men handling 
new materials or performing un- 





familiar operations...and to the 
many new employees. 
Now...when minutes and ma- 
terials are so vital... make full use of 
this metal-working experience. Send 
for a check list of helpful printed 
pieces on the selection, treatment, 
fabrication and use of Nickel alloys, 
or send your specific questions to: 


67 WALL STREET 
NEW YORK, N. Y. 
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What Can I Do? 


Reprints of this effectively worded 
appeal to all workers and industries 
will be sent free (with the last three 
paragraphs omitted) upon request ad- 
dressed to the editor. 


Spring Steels 


What spring steel is best for a given 
application? 

To answer this question, says author 
Harold Carlson (chief engineer, Lee 
Spring Company), you've got to have a 
fair knowledge of steel and wire manu- 
facture. You should know how the vari- 
ous alloying elements for steel wire af- 
fect cost and operating characteristics. 
And you should have at your finger- 
tips data comparing strength, proper- 
ties, tolerances, and general applica- 
tions of the various types of spring 
steels. Mr. Carlson gives all this in- 
formation, beginning on page 2 of the 
editorial section. Next month, with 


Part II, he will finish the job. 


No More Aluminum Buses 


Leading Modern Design of the month 
is an a.c.f. bus with a body made of 
steel—all steel except for a few plastic 
and high-strength plywood parts. 

Amazing feat: The new steel coach, 
with no sacrifices in comfort or quality, 
weighs almost 2,000 lb. less than the 
previous model, which had an aluminum 
body. On pages 6 to 9 is shown how 
it was done. 


Color for Efficiency 


A new era of machine finishes is just 
around the corner, we believe. Machine 
designers will soon pay just as much 
attention to the color scheme of their 
products as the automobile designer 
does, but not for the same reason. The 
machine designer’s aim will be color 
that will assist operators to see better. 

First evidence of the trend came last 
September, when Arthur A. Brainerd 
(Philadelphia Electric Company) and 
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Matt Denning (DuPont) read before 
LE.S. a paper stating that a light buff- 
medium gray combination is best for 
machine tools. Their results are based 
upon research. Turn to page 19 for 
the complete story and the first accurate 
color pictures published on the subject. 
DuPont engineers, we are told, will 
continue with research on the psycho- 
logical factors of color for all types of 
machinery and factory interiors. 


Dynamic Balancing 


As speeds of modern machines in- 
crease, so do the problems of eliminat- 
ing vibrations that are caused by un- 
balance of rotating elements. In fact, 
the forces that produce these vibra- 
tions increase as the square of the 
speed. 

Conditions necessary for static and 
dynamic balance are described by F. L. 
Schwartz in his article beginning on 
page 32. The author explains how these 
principles are applied in balancing ma- 
chines, describes electrical pick-up sys- 
tems for measuring degree and location 
of unbalancing forces. 


Electrical Timing Devices 


There are many, many mechanisms 
for automatically timing an electrical 





machine or process. Assistant editor 
Van Voorhis, studying scores of sources, 
has found 13 fundamental devices and 
presents sketches of them in this 
month's mechanism spread, page 26. 
Most common one sketched is a clock- 
operated cam, and most unique one is 
based upon time it takes an electrically 
heated wire to droop. 


Photo-Tracings 


Time-saver hint to drafting depart- 
ments: Take photographs of assemblies 
directly on tracing cloth. After adding 
instructions and notes on the tracing, 
make blueprints for release to the shop. 

Result: A photographic picture which 
is easier for shop workers to under- 
stand than the average assembly draw- 
ing, and much time saved in drafting. 
See page 23 for full details of the 
method as applied by Lockheed Aircraft 
Corporation. L. C. Jones is the narrator. 


Materials Data 


This month's special section on ma- 
terials covers malleable iron, stainless 
clad steel, laminated phenolic plastics, 
lead coatings and cartridge brass. Pages 
37-38 give hints on fabrication and de- 
sign of malleable iron castings, as well 
as a discussion of ductility, shock re- 


AT'S COMING © 


Salvage 





Today's No. 1 problem is materials. There are five good ways to economize on 
them: substitution; design simplification; design for minimum scrap in manufac- 
ture; reclamation of scrap; and finally, salvage of rejected parts. 

This last will be the subject of a comprehensive article in PRODUCT ENGINEERING 
for February, wherein will be set forth salvage specifications and how they are 
established. Look for information on various methods for salvaging castings, forgings 
and parts machined undersize, and of greatest importance, design modifications 
that will avoid manufacturing conditions that induce production of defective parts. 


Vibration Control 


Vibrations on the loose must be stopped before they are transmitted to machine 
frames, foundations or buildings where they may create noise, high fatigue stresses, 
or interfere with other equipment. Leon Wallerstein, Jr., vibration engineer of 
Lord Manufacturing Company, will show in next month’s lead article, how rubber 
mountings can be applied to keep vibration within bounds. 


Troublesome Toggle Joints 


Operation of a toggle joint stresses the machine frame. As the frame stretches, 
the toggle angle decreases; the resultant stresses consequently increase; the frame 
then stretches further. And so on. If the toggle joint is not properly designed, the 
toggle angle may reduce to zero, whereupon the mechanism may snap overcenter 
to a reversed position. How to design toggles so as to avoid such calamities will be 
described next month in “Design of Toggle Mechanisms” by Hans A. Illing. 


Urea Plastics 


If you have been saving your copies of Propuct ENGINEERING for the past 
several months, you have acquired a vast file of design data covering nearly every 
type of plastics—acrylics, acetate butyrates, cast and molded phenolics, laminated 
plastics, extruded plastics, polystyrenes, transparent plastics, plastics in automo- 
biles, plastics in aircraft—to name a few. With the February Propuct ENGINEERING 
another article will be added to your files. Subject: Urea-Formaldehyde Resins. 





sistance, strength, ease of machining, 
and corrosion resistance. Stainless clad 
steel sometimes can be fabricated with 
unexpected ease; two pages of data 
show its advantages, its properties, and 
what it is used for. 

Laminated phenolics data, including 
grades classified by type of filler, prop- 
erties, and applications, are packed into 
pages 39 and 40. Lead coatings (page 
41) may be what you are looking for 
as a substitute for zinc galvanizing, tin 
plating or tin-lead solders. The new 
5-page installment of the Wilkins-Bunn 
series on brasses shows the effect of 
“ready to finish” grain size on the physi- 
cal properties of cartridge brass. 


Difference Calculus 


If you’re faced with a problem of 
integration where mathematical solu- 
tions are impossible or too cumbersome, 
turn to page 13 for an approximate 
method that can be used with a sur- 
prising degree of accuracy, as ex- 
plained by A. H. Church, assistant pro- 
fessor of machine design at New York 
University. 


Glass in Parts Design 


Glass is a material not to be over- 
looked when searching for alternates. 
Improved physical properties and new 
techniques of fabrication have made 
glass suitable for many new mechanical 
uses. Even dimensional tolerances, usu- 
ally the bugaboo of glass parts, are be- 
ing brought down to a respectably fine 
point by a new “electric welding” proc- 
ess. Following up the brief article 
published in the November, 1941, issue, 
the complete article beginning on page 
28 of this issue talks about the pros 
and cons of glass in parts design and 
gives more design data. 


Patent Procedure 


The admittedly imperfect U. S. patent 
system still offers individuals and small 
companies an opportunity to lift them- 
selves above the average. However, 
knowledge of the practical working of 
the system is necessary to make use 
of the opportunity. A series of articles 
beginning on page 16 of this issue is 
the result of a class conducted by 
Miles Henninger, the author. 


Tension Springs 


Reference Book Sheets this month 
conclude the Paul Klamp series of ar- 
ticles on tension springs. Similar to 
the earlier series on compression springs 
by Mr. Klamp, these articles have given 
the data necessary for a simple but ac- 
curate method of selecting springs. 
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For years, General Plate Engin- 
eers have developed special laminated combinations 
of metals to do unusual, specific jobs. And today, 
these laminated metals are life - savers for manufac- 
turers who have difficulty getting metals vital to 
national defense. Many of these laminated metals 
are giving manufacturers the performance they need 
without using vital metals necessary for defense or 
with only the minimum use of metals hard-to-get. 


For instance, General Plate makes a Silver on Steel 
Laminated Metal which makes a suitable substitute 
for copper. Due to its use of only a thin protecting 


cladding of silver on one or both sides,its cost is 
relatively low—also this cladding of silver provides 
rust protection. It comes in strips, coils, or wires in 
a wide range of thicknesses, widths, and gauges. It 
can be easily cut to meet your requirements—or, if 
you want special fabricated parts, General Plate 
will make them to your designs. Other metal com- 
binations available. 


If you have a metal problem, see if General Plate 
Laminated Metals can take care of it. Write, speci- 
fying your problems. Our engineers will give your 
request prompt and confidential attention. 


| | © © e 
General Plate Division 
of Metals & Controls Corporation 


Metals and Controls Corporation Divisions manufacture the following products: Laminated & solid precious. metals, 
electrical contacts—Solid and rolled plated precious metals in all forms —Trufiex Thermostatic Bimetals. 


STREET, 


January, 1942 
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Jz “The advertisements in PRODUCT ENGINEER- 
ING are of prime interest and we look to them for 
the newest and best in modern equipment and tools. 
We have numerous subscribers to PRODUCT 
ENGINEERING in this division and it is the custom 
here to circulate the magazine within our organiza- 
tion, directing attention to the various advertise- 
ments and technical articles of most valuable interest 


to each other.” ۱ [n 
—H. J. Fleming, Engineer 


Bendix Products Division 
Bendix Aviation Corp. 


yy “I always look over the advertising section. On 
several occasions I have found items in this section 
that have proven very helpful either by finding a 
new source of supply or by discovering newly de- 
veloped products. 
“My opinion is that the advertising section has 
definitely been of value to me.” 
—J. Merck, Chief Engineer 
Joy Manufacturing Co. 


vy “The advertising in PRODUCT ENGINEERING 


is of very great interest. For instance, it is seldom that 

an issue comes to hand that I do not send out for one 

or more folders or other literature describing prod- 
ucts shown in this section of your magazine.” 

—H. G. Allen, Chief Engineer 

Consolidated Packaging Machinery Corp. 


yy “To me the advertising is worth almost as much 
as the reading material.” 


—R. H. Weller, Chief Engineer 
Booth Bros. Co. 


yy “I read the ads first, then the rest of the paper at 
my leisure.” 


—A. H. Kruer 
Platt Iron Works 


yy “I most certainly do read such advertising matter 
as applies to products that might have an application 
in our particular field. PRODUCT ENGINEERING 
in its present form is a very nicely balanced magazine 
and serves a very useful purpose in helping to keep 
our Engineering Department abreast of the times.” 

—R. L. Jewell, Chief Engineer 


American Sterilizer Company 
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From “vanities” to primer bodies... 


when Volupte and Revere 
put their heads together 


When Volupte, Inc., one of the leading manufac- 
turers of compacts, wanted to use its facilities to 
make primer bodies for Uncle Sam, the change- 
over involved more than merely a shift from beauty 
to utility. 

Everything was new. Appearance had once been 
vitally important. Now performance took its place. 
Emphasis on surface finish gave way to emphasis 
on ductility, uniformity, precision. The brass had 
to be of a new analysis, responding differently to 
the various operations. New equipment had to be 
selected, and new methods worked out. 

Here was a situation full of potential "head- 
aches” for the manufacturer, but also full of oppor- 
tunity for a Revere Technical Advisor to assist in 
eliminating them. After calculating a temper for 
the brass providing the correct balance between 
ductility and machinability, the customer was pro- 
vided with a specification which made it easy to 
specify materials on repeat orders. A correct method 
was developed for each new operation. Recom- 
mendations on sizes of stock were made, to mini- 
mize scrap loss. 

Quite some time has passed since Volupte, Inc. 
worked out these problems with the Revere Tech- 
nical Advisor. America now has a large new source 
of dependable primer bodies . . . a prominent 
manufacturer has successfully added a new type of 
business . . . and Revere has helped an old friend. 
The Revere Technical Advisors will be glad to 
help you with your problems. Write us. 


REVERE 


COPPER AND BRASS INCORPORATED 
Executive Offices: 230 Park Avenue, New York 


Sales Offices and Distributors in most 
of America’s major cities 





(Top to bottom) 
Slug—“Dimpled”“—Extruded—First draw 
Second draw—Third draw—Fourth draw 


First upset—Final upset 


MILLS: BALTIMORE, MD.- TAUNTON, MASS.+ NEW BEDFORD, MASS.- ROME,N.Y.- DETROIT, MICH.- CHICAGO. ILL. 
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ROLLER CHAINS 








These great power transmitters pass along all the 
power of drivers to production machinery. No 
slips, no wasted power—Morse Roller “Channel- 
Lubricated” Chain drives deliver power with con- 
stant efficiency. They’re rugged, long-lived, reliable. 
Worries about frequent maintenance or repair shut- 
downs end with the installation of Morse drives. 


On many machines, in many plants, the change to 
Morse Roller Chain drives has boosted production 
to new highs, set new records for sustained prcduc- 
tivity. First cost is low — maintenance costs are 
lower, due to the exclusive long-life features not 
available on less satisfactory drives! 


Regardless of your chain requirements there is a 
Morse Roller to meet them, efficiently, economically. 
All sizes and capacities, single and multiple widths. 


Call the Morse man. He'll help you look for places 
for profitable use of Morse Roller Chain Drives. 


t 






Oil gets in ~ 
Wear stays Out! 


Heart of the Morse Roller 
Chain is protected with a 
life-preserving film of oil, 








flowing there through 
channels from the 
bushings. Oil gets 
in— wear stays out! 








DIVISION BORG-WARNER CORP. 
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THE STORY OUR ADVERTISEMENTS DO NOT TELL 


The advertisements of The New Jersey Zinc Company which are appearing cur- 
rently in these pages explain the reasons why non-defense consumers have not 
been able to obtain all of the zinc they would like to have. 

At the close of a critical business year, however, The New Jersey Zinc Company 
feels that it should tell a story which would not normally be a part of such a series 
of advertisements—a story of the cooperation given to this Company by its 
customers. 

This cooperation, and the resulting exchange of vital information, made 
possible: 

A better understanding of our mutual problems 
and difficulties; 


The elimination of unreasonable demands and 
unfilled promises; 


The fulfillment of contract obligations in spite 
of a tremendous expansion of business; 


The shipment of a large list of zinc products 
where and when they were needed most—in 
defense and non-defense fields. 


Consequently, thanks to our customers' cooperation and understanding, we 
feel that a difficult task has been accomplished. 

The New Jersey Zinc Company looks forward to 1942 with confidence that 
this cooperation — which has proved of the greatest value under a heavy strain— 
will continue to operate to the mutual advantage of all concerned. 


160 FRONT STREET NEW YORK, N. Y. 





January, 1942 
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How about Hairline tolerances ? t 
Many users of Carpenter Stainless are today working 
to almost unbelievably close tolerances on defense 
applications that we cannot even reveal. Such appli- 
cations as these show the ability of this Stainless to 
meet super accurate requirements. 


Will it withstand Heat? 
Exhaust collector rings on giant bombers and trans- 
port planes glow red 1n flight. Carpenter Stainless is 
W idely used to combat this and other heat conditions. 
A chart is available upon request that shows the heat 
resistance characteristics of various types of Stainless 


for high temperature service. 









If your plant is using Stainless Steel for defense 
work—your big problem is to push the work out 
faster—to avoid fabrication troubles—and to keep 
costs from getting out of line. Ever since the earliest 
days of Stainless Steel, Carpenter has been success- 
fully attacking this problem. By developing the 
first bright finish, ductile Stainless Strip, and giving 
industry Free Machining Stainless Bars, Carpenter 
long ago paved the way for the precision jobs that 
men are turning out today. By cooperating on a 
wide variety of defense jobs, Carpenter is adding to 
the fund of experience and information that is 
available to all Stainless users. Ask us for fabricat- 
ing information in easy-to-understand printed form 
that will help you speed up your production— 
and overcome trouble. A letter to us, or a phone 
call to our representative will promptly bring you 
the information you need. 


Is Machining a problem? 

Not with the many manufacturers of valves, who use 
Carpenter Free Machining Stainless Steel. For sug- 
gestions to speed up production of parts requiring a 
lot of machining, ask for our data sheet on ''Machin- 
ing Stainless Steels.” 
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dh Business Machines 
with fewer service complaints— 
With parts like these made of Stainless Steel, type- 
writers have new sales — particularly when 
they must operate in humid, tropical climates like 
South America. And the uniform temper of Carpenter 
i Stainless means easy and quick production of intricate 
shapes, along with time saved on final finishing operations. 
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| Out of the vast proving ground of national defense 
and wartime experience will emerge still better 
Stainless Steels. With them will come an improved 
"know how''—born of much problem-solving and 
many new fabricating experiences. Thousands of 
old products will ‘‘discover’’ Stainless Steel—many 
a product like yours will find improvement in 
appearance and performance with the use of Stain- 
less in unexpected places. But don’t wait until 
tomorrow comes! Start thinking and redesigning 
now and let us cooperate with you. There is no 
let-up in Carpenter research. We'd like to think 
ahead with you— give you the benefit of our experi- 
ence and our new developments as they come along. 
Then when the zero hour on the sales front arrives, 
you'll be ready to uncover your new product, and 
get the jump on competition. 
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E To help you plan for Tomorrow—this Design 
Booklet will show you practical ways to make the 
most of the natural advantages of Stainless. A 
note on your business letterhead will bring you 
either of these Carpenter helps. 


THIS OFFER GOOD ONLY IN U.S. A. 
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This handy Selector Slide Chart quickly suggests 
which Stainless analysis best meets your corrosion 
or heat resistance requirements. 








(arpenter STAINLESS STEELS 


BRANCHES 


AT Chica jo, Clevelan 1 


THE CARPENTER STEEL COMPANY, 


Detr 


t Low Cost Products from Stainless 


These kitchen utensils, sold in a highly competitive. 


market, had to be given sales appeal along with 
strength and utility . . . so Carpenter Stainless was 
used. And manufacturing costs were held to 5 and 10c 
store limits by this easy-forming Stainless Strip. 
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Smooth-Acting Parts - More Sales Appeal — 

Like hundreds of other products, fishing reels must 
be smooth-acting, good-looking, and have that 
on appeal. Moving parts must 
always work the way they should. Not only is the 
fabrication of parts easier, but Carpenter Stainless is 
also easier on tools and dies. When planning your 
future products, be sure to count all the advantages 


3 of this Stainless. 
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A Tough Spot 
for a Screw! 





What's the Best Screw 
to Use Here? 


PROBLEM: (1) A small product subject 
to (2) constant violent vibration must be 
fastened (3) in a “blind hole", and must 
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The Bristo Multiple-Spline Socket Screw 





The multiple-spline de- 
sign of socket provides 
the strength needed in 
a small screw with less 
wall thickness. 


It can be set far tighter 
than a hex screw. 


The combination of 
spline socket and 
wrench makes it easy 
to reach otherwise in- 
accessible points. 


A quick turn with the 
wrench (or ordinary 
socket wrench) loos- 
ens the screw without 
damage. 


be (4) easy to disassemble. 


Note This Difference 
pee, 







in Design: 
Ordinary Screws: Wrench f 
applies outward expanding 
force that is apt to round out 
or split socket wall. 


Bristo Screw: Wrench exerts 
contracting pressure, for it is 
locked against the splines — 
no expanding pressure 
against walls. 





You Pay NO MORE for 
Bristo Multiple-Spline Screws 


For small or large assemblies subject to 
vibration these screws are the perfect 
fastener. They give splendid service, for 
example, in electric refrigerators and 
fans, tabulating machines, oil pumps, 
electric razors, cameras, etc. 


Made as small as No. 4 wire size. 
Wrenches are supplied free with each 
100 screws. An ordinary socket wrench 
will remove them. Order from your dis- 
tributor. And address 121 Bristol Road, 
Waterbury, Conn., for free sample screws, 
wrench and Bulletin 846. 


BRISTO MULTIPLE-SPLINE SCREWS SET FASTER — SET EASIER — SET TIGHTER 
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This new tracing cloth 
defies moisture stains 
and erasure scars 


This new tracing cloth won’t show perspiration stains or 
water marks— holds pencil smudges and erasure scars at a mini- 
mum. Now you can have clean tracings, in pencil or ink, free 
from these untidy "ghosts" that reproduce on blueprints! 

For PHOENIX is ghost-proofed by a remarkable new proc- 
ess that defies moisture and gives you an unusually durable 
working surface. You can use harder pencils with this im- 
proved cloth and get sharper lines with less tendency to 
smudge. Even 6H lines show clearly, and reproduce sharply! 
Erasing does not mar the drawing surface; erased areas 
take pencil smoothly—and ink without feathering. Its new 
white color and increased transparency give you excellent 
drawing contrast and produce strong blueprints. 

Put PHOENIX through your own drawing board test. 
See your K&E dealer, or write for a generous working 
sample and an illustrated brochure. 


EST. 1867 


KEUFFEL & ESSER CO. 


NEW YORK * HOBOKEN, N. J. 


CHICAGO - ST. LOUIS .- SAN FRANCISCO - LOS ANGELES 
DETROIT MONTREAL 


TRACING CLOTH 


for pencil and ink 


PHOENIX DEFIES 
MOISTURE GHOSTS... 


Perspiration and water 
splashes on ordinary tracing 
cloth create "ghosts" which 
reproduce on blueprints. 
PHOENIX Tracing Cloth 
withstands actual immersion 
in water for fully 10 minutes 
at a time! Perspiration and 
water marks will not stain it! 


PHOENIX LESSENS 
SMUDGE GHOSTS... 


The new improved surface 
of PHOENIX Tracing Cloth 
permits you to use harder 
pencils (5H and 6H) and to 
get sharper lines with less 
tendency to smudge. 

Result: Cleaner traciags 
and blueprints. 


PHOENIX REDUCES 
ERASURE GHOSTS... 


Ordinary tracing cloths be- 
come scarred when erased 
..erased spots produce 
ghosts on blueprints. 
PHOENIX has a durable 
drawing surface that reduces 
working scars toa minimum. 
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Much longer service life results 
from Graton & Knight Vee pack- 
ings because they are made from 
Spartan Leather, and each installa- 
tion is thoroughly engineered. 

These Vee packings, made with 
a dead 90° angle and fitted with 
proper adapter rings, will seal im- 
mediately with minimum pressure 
applied. 


6 TO 1, LEATHER OVER 
COMPOSITION PACKINGS 


V-shaped composition ram and 
pump packings were short-lived in 
a heavy duty hydraulic jack. Exces- 
sive tightening necessary to obtain 
an effective seal was causing rapid 
wear. 

Graton & Knight engineers rec- 
ommended replacing both sets of 
packings with Spartan Leather Vees, 
and using suitable metal adapter 
rings. Tension on the Vees was 
obtained by spring loading (see 
diagram), making it unnecessary to 
tighten the packings on either the 
ram or pump installations. 

The customer reports: “To date 
the leather Vee ram packings have 


ue 


GRATON & KNIGHT CO. 


GRATON 


AND 
KNIGHT 





outlasted composition packings 
about six to one and have not yet 
failed. The Spartan packings on the 
pump have already run about 33 }% 
longer than the composition and 
are still in service.” 


G & K IS BEST FOR V 


G & K Vee packings, made from 
Spartan Leather, have accurate di- 
mensions of thickness and diame- 
ters. The 90? angle gives the desir- 
able 45? sealing lip, and the right 
combination of angles on top and 
bottom adapters provides the proper 
amount of spread on the Vee. 

And for other types of packings 
— cup, U, flange or special — you 
can expect best service at the Pack- 
ing Point from the combination of: 

6 57 engineering service. Call 
upon our engineers to help you 
determine the best design of pack- 
ing, type of leather and treatment. 

Spartan Leather. It has highest re- 
sistance to abrasion and heat, is un- 
affected by common pressure me- 
diums, and will not dry out hard 
and brittle. 


MASSACHUSETTS 
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IMMEDIATE DELIVERIES! 


All you want 
of this better product 





At last! A rubber that 
maintains dimensions in oil 


Hycar has amazing new resistance to 
all the products derived from petro- 
leum, vegetable oils, fats, paint and ink 
driers. Articles fabricated from Hycar 
can be furnished to maintain desired 
dimensions in gasoline or oil and 
retain resistance to abrasion in the 
presence of these petroleum products. 





Now you can have real 
precision molding 


Hycar can be calendered, molded, 
extruded and otherwise fabricated on 
the same machinery as natural rubber 
and finished articles can be furnished 
to exact dimensions. 


January, 1942 


e If you're using rubber or certain 
synthetics in your product, chances 
are you're having trouble getting 
them. Or maybe you're looking for 
a synthetic that will do your job 
better. Now you can answer both 
these problems by asking your rub- 
ber supplier to make your product 
with Hycar, the new, improved syn- 
thetic of thousands of uses. 

In laboratory and field tests, it has 
proved itself superior to one popular 
synthetic in 15 important ways, 
superior to another in 10 ways. In 
12 of its properties Hycar shows 
superiority even to natural rubber! 

Because Hycar is manufactured in 
a plant recently enlarged to produce 
twice its former capacity, this versa- 
tile material is available to your rub- 
ber supplier for im- 


clusive polymerization process from 
butadiene—a product of the Ameri- 
can petroleum industry—it is com- 
pletely independent of foreign 
sources of supply. 


Substitute for scarce materials! Do 
you have a problem in materials for 
corrosion-resistant pipes, tubing, 
vibration dampeners, flexible hose 
or similar parts? It’s entirely pos- 
sible our engineers can help your 
supplier of rubber products solve 
the problem with Hycar. 


Hycar can be made in any de- 
sired hardness, soft to bone-hard, 
beautifully colored and grained, 
and requires only standard rubber 
molding equipment. 

For real proof ask your supplier 

for samples made 


mediate delivery in 
abundant quantities. 
Because Hycar is 
converted by an ex- 


FOR OIL INDUSTRY 
Refinery 

Loading Hose 

Packings 
Distributor 

Gasoline pump hose 

Cargo hose 

Nozzle tip or tube 


Investigate Hycar for all uses 
where extreme resistance to 


petroleum products, to heat, 
cold-flow and abrasion is es- 
sential in a resilient material. 





FOR AVIATION INDUSTRY 
Gasoline hose 
Oil hose 
Extruded parts 
Door and window seals 
Sealing rings 


Grommets 


of Hycar. Our en- 
gineers will be 
happy to cooperate 
with him. 


FOR MACHINERY INDUSTRY 


Engine mountings 
Vibration dampeners 
Oil seals 

Gaskets 

Diaphragms 

Rod- packing 


Send for Samples and Prices 


HYCAR 


CHEMICAL COMPANY * Akron, Ohio 
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* What's the idea 
of making people want 


what they can't get?" 


HAT'S a fair question to ask. Probably it popped into your mind when you read 

the advertisement opposite that recently appeared in the Saturday Evening Post 
and other national magazines. If you haven't seen it before, take just a moment and 
read it now, won't you? It's important to you. 

If you manufacture steel products it is only natural that you wonder why we seem 
to push such products when everyone knows they're going to be harder and harder 
to get. 

Well, here's exactly why. It is because we want people to want products made 
of steel even though they may be increasingly difficult to buy—and to keep on wanting 
them, so that they will go out and buy such products when they again become easily 
available. 

Because we believe that advertising like this is nothing less than prosperity insurance 
for the future—both for you and for ourselves—we plan to continue it. 

For, one of these days when the clouds roll by, the production of simple, everyday 
things like paring knives and flour sifters, refrigerators and kitchen cabinets will once 
again become the Nation’s prime endeavor. Then you—and we—will be able to realize 
fully on the accrued benefits of this advertising that keeps fresh in the public mind the 
comfort and convenience that steel can bring to them—and that shows them what 
the U-S-S label means in giving them their dollar’s worth in extra satisfaction. 

So when you plan your product for the fu- 
ture—plan to make it of U-S-S Steels. Then, 
when the public sees your U-S-S label, you'll 
find that they are already partially sold on 
your product, whatever it is, even before you 
start talking. 

We would like to tell you more about this. 
Write us. 

Sent by 


í quently 


ament, ! 
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product 


CARNEGIE-ILLINOIS STEEL CORPORATION, Pittsburgh and Chicago 
COLUMBIA STEEL COMPANY, San Francisco 
TENNESSEE COAL, IRON & RAILROAD COMPANY, Birmingham 


Scully Steel Products Company, Chicago, Warehouse Distributors 
United States Steel Export Company, New York 


UNITED STATES STEELE 








Less Fatigue - Power Driving - Fewer Operations 
= 50% Less Assembly Cost with Phillips Screws 


Yesterday — slow, painstaking 
slotted screw driving with plenty 
of muscle and plenty of care to see 
that the driver blade stayed in the 
slot. Plus plenty of time per assem- 
bly charged on the cost sheet. 

Today — fast driving with the 
Phillips Screw that clings to the 
driver and prevents driver slippage. 
Faster driving methods are safe — 





more jobs where electric and pneu- 
matic drivers can be employed. In 
the average case, Phillips Screws 
cut assembly time in half! 

Add up the savings—this 50% re- 
duction in time, the better work done 
by men less fatigued, the elimination 
of extra operations (including re- 
finishing scratched surfaces), the 
freedom from crooked screws and 


split screw heads— you'll find you 
have a 50% saving in assembly cost 
as well as valuable assembly time. 

Please your men and your cost 
accountant by changing to Phillips. 
They are easy as pie to drive — and 
make every assembly dollar do 
twice the work. 

Any of the firms listed below 
will tell you more. 


PHILLIPS RECESSED HEAD SCREWS 


GIVE You Pfaff (SPEED AT LOWER COST) 


WOOD SCREWS - MACHINE SCREWS - SHEET METAL SCREWS - STOVE BOLTS - SPECIAL THREAD-CUTTING SCREWS - SCREWS WITH LOCK WASHERS 
U. S. Patents on Product and Methods Nos. 2,046,343; 2,046,837; 2,046,839; 2,046,840; 2,082,085; 2,084,078; 2,084,079; 2,090,338. 





Other Domestic and Foreign Patents Allowed and Pending. 





Pheoll Manufacturing Co., Chicago, III. 

Russell, Burdsall & Ward Bolt & Nut Co., Port Chester, N. Y. 
Scovill Manufacturing Co., Waterbury, Conn. 

Shakeproof Inc., Chicago, III. 

The Southington Hardware - Co., Southington, Conn. 
Whitney Screw Corp., Nashua, N. H. 


International Screw Co., Detroit, Mich. 

The Lamson & Sessions Co., Cleveland, Ohio 
The National Screw & Mfg. Co., Cleveland, Ohio 
New England Screw Co., Keene, N. H. 

The Charles Parker Co., Meriden, Conn. 
Parker-Kalon Corp., New York, N. Y. 

Pawtucket Screw Co., Pawtucket, R. I. 


American Screw Co., Providence, R. |. 

The Bristol Co., Waterbury, Conn. 

Central Screw Co., Chicago, Ill. 

Chandler Products Corp., Cleveland, Ohio 
Continental Screw Co., New Bedford, Mass. 
The Corbin Screw Corp., New Britain, Conn. 
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Prepared Each Month by the Bridgeport Brass Co. b ood Headquarters for BRASS, BRONZE and COPPER 
— 9. ———————————————————Á———————— 


Navy "E" Flag Awarded 
To Bridgeport Brass 





In recognition of “distinguished service 
in production" symbolized by presentation 
to the Navy of the 25,000,000th artillery 
cartridge case produced by Bridgeport since 
January 1940, the coveted Navy Ordnance 
Flag with “E” Pennant was awarded on 
Navy Day to the Bridgeport Brass Com- 
pany by the U. S. Navy. 

Although used by the Navy since 1906 as 


SEP "Tw 
« 





a mark of special recognition for excellence 
in gunnery, battle practice, or engineering, 
the “E” has been awarded only to Navy 
personnel until this year. However, with em- 
phasis today on production in the Nation’s 
defense program, the Navy has awarded its 
“E” Pennant, together with the Navy Ord- 
nance Flag, to certain manufacturing plants 
which have performed outstanding services 
in swift production of armament to the 
exacting Navy standards. 


Memos on Brass— No. 24 


Parts with excellent physical prop- 
erties can be fabricated from brass 
forging rods when the production in- 
volved is sufficiently high to justify 


the cost of the special tools neces- 
sary. Hot forgings have several im- 
portant advantages over castings— 
they are more than twice as strong, 
freer from porosity, more precise in 
dimensions, and have a smooth, 
clean surface. 


Spinning Economical 
For Small Quantities 








The spinning process frequently offers 
economies in time and production costs in 
the fabrication of small quantities of parts, 
for which high tool costs are not justified. 
Spinning tools can be made more quickly 
than those needed for stamping, and are 
more readily adaptable to various gages of 
metal. Copper, brass, and bronze can easily 
be formed by the spinning process, which has 
been applied to metal thicknesses up to 1⁄4”. 


Knowledge of Regulations Speeds 
Inspection on Defense Orders 





Unnecessary Delays Can Be Avoided by Clear Understanding 
Of Inspection Procedure and Method of Ordering Materials 


With the prospect of ever-increasing de- 
fense activity ahead, fabricators who under- 
stand the type of government specifications, 
know who is responsible for inspecting vari- 
ous materials, and know how to make out 
orders that meet all of the regulations, will 
save both time and money. 

While there are other agencies or divisions 
with their own set of specifications, Govern- 
ment specifications can be grouped into three 
general types—U. S. Army, U. S. Navy, and 
U. S. Federal. 


Army Inspection 


The U. S. Army has eight supply arms 
and services: Ordnance, Air Corps, Quarter- 
masters, Signal Corps, Chemical Warfare, 
Corps of Engineers, Medical Corps, and 
Coast Artillery Corps. Although each one 
has its own inspection division, inspections 
may be made where feasible by any one or 
more of the other departments. 

Each Army branch has its own specifica- 
tions. If so stated on the Government con- 
tract, however, material may be inspected 
to specifications of other departments. In- 
cluded in the list of other specifications 
which may be used are Federal specifications 
or specifications of the Government Arsenal 
involved. Recently, joint Army and Navy 


Strong, Durable Parts 
Made With Duronze III 


Strength, light weight, and corrosion re- 
sistance are three of the characteristics of 
Duronze* III that are bringing advantages 
to the design and manufacture of many parts. 

50% stronger and 9% lighter than ordi- 
nary brass rod, Duronze III possesses the 
equivalent strength of many steels. This sili- 
con aluminum bronze alloy is harder than 
most other non-ferrous alloys, yet has the 
advantage of being quite free machining. It 
is highly corrosion-resistant to fuel oils, ex- 
posure to the elements, sea water, dilute 
acids and other chemicals. 

Because of this unusual combination of 
properties, Duronze III is widely used in 
the making of wire and cable connectors for 
outdoor use, oil burner nozzles, aeroplane, 
ordnance and high strength screw machine 
parts. For further details on this new alloy, 
write for Bridgeport’s special Technical Bul- 
letin on Duronze III, 











specifications have been issued prefixed by 
the letters AN, for aircraft materiel. 

On U. S. Army orders, the fabricator 
should send a sufficient number of copies 
of his order to his local Army District 
Office, as they may direct. 


Navy Inspection 


The main divisions of the U. S. Navy are 
The Bureau of Ships, The Bureau of Aero- 
nautics, The Bureau of Medicine and Sur- 
gery, The Bureau of Yards and Docks, The 
Bureau of Ordnance, and The Bureau of 
Supplies and Accounts. Although The 
Bureau of Supplies and Accounts is the cen- 
tralized purchasing division for the Navy, 
each of the others has control of the mate- 
rials bought for it. 

Unlike the Army, inspection for all Navy 
divisions is made by one agency, the Inspec- 
tor of Naval Materials. While they may be 
inspected to other Government or commer- 
cial specifications, all Naval materials will 
probably be inspected to U. S. Navy speci- 
fications. 

On U. S. Navy orders, the fabricator must 
send four copies of his order to his local 
Naval District Inspection Office. This makes 
it possible for the proper papers to reach 
the Mill’s local Naval District Inspection 
Office so that inspection can be made. 


Complete Information Should Appear 
On Fabricator’s Order 


When material is ordered to any Govern- 
ment specifications or for Government use 
to a commercial specification, the fabrica- 
tor’s order should show: 

1. Original contract and subcontract order 

numbers. 


2. The Government division it is for, such 
as Army, Navy or other Government 
agency. 

3. The Government specification number 
and date. 

4. Grade, composition, class, type, and 
temper of material (if shown on the 
specification). 

5. Place of inspection, such as: 

a. "Inspected at the Mill producing the 
material" or 

b. “Inspected at destination” or 

c. “Furnish certified reports of chemi- 
cal and physical test to the specifica- 
tion involved”. 
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ALLOYS OF COPPER 


This is the thirtieth of a series of articles on 
the properties and uses of the copper alloys. 





ELECTRICAL APPLICATIONS 
OF COPPER ALLOYS 


During the past few months the alloys 
of copper and tin have been briefly d:s- 
cussed. In the November article mention 
was made in the tak!e of the alloy con- 
taining only 1.8% tin. In addition to this 
alloy there are two other alloys which are of 
interest primarily because of their electrical 
conductivity. Reference to the October 
article indicates that the 1.8% alloy has 
an electrical conductivity of somewhat less 
than 40% that of copper. When the tele- 
phone lines came into general use at about 
the turn of the century search was made for 
an alloy of greater strength than copper and 
of as good conductivity as possible. As a 
result of this search the above alloy was 
developed and gained considerable use for 
telephone line wire. This alloy is still used 
widely for telephone drop line wire from 
poles to homes. 


Phono Electric Wire 


With the development of the street rail- 
way another need arose involving high con- 
ductivity and good strength. From this need 
came two other alloys containing about 
1.25% tin in one and 0.4% in the other. 
These two alloys were known for many years 
as Phono Electric Trolley Wire and have 
been used where the service requirements 
have been most severe. Because of their 
excellent service records these alloys have 
been used for other purposes in which good 
conductivity, strength, ductility and corro- 
sion resistance are essential. The alloy con- 
taining 1.25% tin has been used generally 
for electrical railway overhead hardware, 
for moving parts of electrical meters and 
for flexible corrugated tubing. 


Additions of Cadmium 


In more recent years additional alloys 
have been developed for trolley wire. These 
alloys are based on the addition of cadmium 
to copper. One of these alloys combines 
cadmium with tin to produce an alloy 
slightly higher in conductivity than the 
1.25% tin alloy and of about the same 
strength. Another alloy is of cadmium and 
copper and is of considerably higher elec- 
trical conductivity. These two new alloys 
and the original copper-tin alloys are now 
recognized as standard trolley wire materials 





Brass Embossing Dies 
Described as Durable 


Half-hard engraved brass embossing dies 
will give long life in embossing designs and 
lettering into very thin soft brass, copper, 
zinc, tin, aluminum, terne plate fiber, leather, 
name plates, tags and book covers, accord- 
ing to a manufacturer’s announcement. 

When used, the male die is screwed to a 
die shoe and the female die to a holder in 
the ram of the press. At each stroke of the 
press, a complete embossing results. Assem- 
bly may be made in any punch press and 
several interchangeable sections may be as- 
sembled for use at one time. 








used where copper does not have the neces- 
sary strength and hardness. 

The copper-cadmium alloys have also 
found use in a new industry within recent 
years, as contact joints for spot welding 
equipment. The requirements of this use 
are high electrical and thermal conductivity 
and good tensile strength and hardness. All 
of these alloys are useful in this respect, but 
the best combinations of conductivity and 
strength are found in the cadmium alloy. 
While alloys of higher strength are obtained 
in the copper-tin-cadmium alloy, the elec- 
trical and particularly thermal conductivity 
are not sufficiently high for this use. The 
accompanying graph illustrates the relative 
effects of tin and cadmium separately on 
the physical properties. 
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Percent Drop in Electrical Conductivity 


20 
Percent of Added Element 


Effect of addition of tin and cadmium on the tensile 
strength and electrical conductivity of copper. 





NEW DEVELOPMENTS 





A rapid slide tool designed to hold small bor- 
ing bars and forged cutters in turret lathes. 
Movement of the lever on the top of the unit 
transmits a rapid, smooth motion to the slide, 
thus permitting back-spacing and recessing op- 
erations to be quickly performed, it is claimed. 
Adjustable stops are provided for quick setting 
in performing duplicate work operations. 

(No. 280) 


A new polishing rouge supplied in stick 
form for application on a polishing wheel to 
brass and copper has been developed. It is 
packed in small lots to 25 pounds, in cases con- 
taining 70 to 90 pounds and in drums contain- 
ing 450 to 500 pounds. (No. 281) 


A tool vise constructed on a double-cradle 
principle, which permits adjustments to grind- 
ing angles in three separate planes, is designed 
for grinding, chip-breaker grooves and tips of 
carbide tools. This vise has a base which can be 
easily mounted on a machine table. (No. 282) 


A small offset boring head is now avail- 
able. A special feature of this head is the re- 
taining ring over the complete assembly, which 
assists in carrying the load on the tool-carrying 
block and helps exclude chips from the micro- 
meter mechanism. Thus round type construc- 
tion is said to be possible without introducing 
unsafe or hazardous features. The head has a 
2-inch body diameter with an over-all head 
length of 15$ inches and an offset of 54e inch. 

(No. 283) 


An internal thread grinder which automat- 
ically grinds threads up to 5 inches in length 
within a distance of 15!4 inches from the spin- 
dle nose. The maximum hole ground is 9!4 
inches with minimum size of one inch. Maxi- 
mum swing is 10 inches. A taper attachment 
is available which allows grinding up to a maxi- 
mum of four inches in diameter per foot on 
effective thread length. (No. 284) 


A grinding wheel dresser said to give per- 
formance comparable to that of a diamond 
dresser is now on the market. The wheel is held 
in a protective metal housing which deflects 
grindings away from the operator. The cutting 
wheel is replaceable. Besides general cleaning 
and truing of grinding wheels, other uses in- 
clude truing of cut-up and uneven sides, dress- 
ing out deep grooves and out-of-roundness and 
restoring out-of-balence wheels to true rotat- 
ing ones. This tool can also be used to shape 
wheels into different forms when form grind- 
ing is desired. (No. 285) 


A clamping unit, constructed of cast iron 
and steel, designed to hold work on machine 
table or in drill fixture. A lever arm actuates a 
plunger, moving it in and out of the cast iron 
base to a maximum distance of one inch. As 
soon as the plunger end strikes an obstruction, 
it locks in position and holds until the lever 
arm is reversed. These units are made in a 
variety of sizes for numerous clamping and 
holding applications. (No. 286) 


This column lists items manufactured 
or developed by many different sources. 
Further information on any of them may 
be obtained by writing Bridgeport Brass 
Company, which will gladly refer readers 
to the manufacturer or other source. 





PRODUCTS OF THE BRIDGEPORT BRASS COMPANY 


Executive Offices: BRIDGEPORT, CONN.—Branch Offices and Warehouses in Principal Cities 


SHEETS, ROLLS, STRIPS— PHONO-ELECTRIC* ALLOYS— 


COPPER WATER TUBE — For BRASS, BRONZE, DURONZE 


Brass, bronze, copper, Duronze*, High-strength bronze trolley, messen- plumbing, heating, underground WIR R E — For cap and ‘machine screws, 
for stamping, deep drawing, forming ger wire and cable. piping. 


and spinning. 


industries. 
*Trade-name. 


WELDING ROD—For repairing 
CONDENSER, HEAT EX. “ast iron and steel, fabricat- 
CHANGER, SUGAR TUBES— ing Silicon bronze tanks. Aad 
For steam surface condensers, heat ex- LEDRITE* ROD—For 
changers, oil refineries, and process making automatic screw ma- 
chine products. 


ke: a 


Established 1865 


wood screws, rivets, bolts, nuts. 


DURONZE ALLOYS — High- FABRICATING SERVICE DEPT. 
strength silicon bronzesfor cor- —Engineering staff, special equipment 
rosion-resistant connectors, for making parts or complete items. 


marine hardware; hot rolled BRASS AND COPPER PIPE— 


sheets for tanks, boilers, ‘‘Plumrite’’* for plumbing, under- 
heaters, flues, ducts, flashings. ground and industrial services. 


BRIDGEPORT BRASS 
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What Can I Do? 





VER SINCE that Sunday morning when havoc swooped 
from the skies upon Honolulu, a new question has 
been churning about in millions of American minds. It 
is this: What can I do to help my country win this war? 
This insistent question has pushed aside all matters 
of personal interest. From now on, individual wants and 
wishes must give way to the paramount needs of the 
nation. We all'accept that. We have undertaken a huge 
job. Or, I should say, we have had a huge job thrust 
upon us. And unless we see that job through successfully 
it won't much matter what any of us may want. 

That job is to win this war. 

No longer are we trying to prepare for a war that we 
may get into. Today we are trying to win a war we're 
already in—and in up to our eyes. Nothing that any one 
of us now can do to help himself can get him very much 
if it does not also help our country to win this war. 

I am sure that those who read these words will find 
many things to do. Some will enlist in the armed ser- 
vices. Some will become active in civilian defense. Some 
will labor to relieve distress in their home towns. Some 
will work with organizations set up to serve the men at 
the front. Each can and will find something he can do. 

But this insistent question "What can I do?" goes 
beyond the individual and his personal service. It re- 
echoes through the offices and the shops of every 
American business concern. And what I have to say 
here is not directed toward individual effort. Rather 
is it intended for the men and women of American 
industry who make that industry a living part of 
American life. Today they are asking themselves: What 
can industry do? Or better still, what must industry do 
if our country is to finish the job it has started? 

Those of us who work in and with American indus- 
try have one supreme obligation. We may feel very 
patriotic; we may be willing to serve "in any capacity;" 
we may be willing to sacrifice . . . if necessary. But if 
we fail to meet that one obligation, we shall fail our 
country in its time of need. 

THAT SUPREME OBLIGATION IS AN HON- 
EST DAY’S WORK, EVERY DAY, FROM EVERY 
MAN, EVERY WOMAN, EVERY MACHINE. ... 

IT IS AS SIMPLE AS THAT! 

And that goes for all of us, whether we are engaged 
in civilian production or working directly on the wea- 
pons of war. American victory can be won only through 
the productivity of American industry. 


Efficiency in production is not the responsibility of 
a few. It can be achieved only as we all put to useful 
purpose every minute of our time, every ounce of our 
energy, and every pound of our materials. 

This responsibility of industry is the more vital be- 
cause of what has happened to the business of making 
war. There was a time when success in war was chiefly 
a matter of well-trained, well-disciplined armies and 
competent leaders—when men were everything. In those 
days, military strength was a matter of strong battalions 
and able generals. Both still are vital. But today military 
might is essentially mechanical might. Modern war is 
an industry just as much as a factory or a railroad. In 
the first World War, mechanical equipment was rela- 
tively simple and limited. But today the special equip- 
ment of war and the expert skill needed to use it spell 
the difference between victory and defeat. 

We Americans are not expert war-makers. That is 
why we must expect to suffer grievous losses before we 
can win substantial gains. We do not have military 
training and experience ready to hand when we need 
them. Neither do we have, ready for action, enough of 
the machines that are so essential to modern warfare. 

So, when it becomes necessary to fight for our lives, 
we must start from scratch. And today, after a year’s 
effort, we still are not ready to trade blow for blow with 
enemies who for years have schooled their leaders, 
trained and disciplined their people, and organized their 
industries to make war. We shall need more time to 
develop our strength. And while we are doing that, we 
must expect reverses. 

But there is a brighter side to all this. For it follows 
that if we are granted this all-important time, the 
change in the method of warfare is right down our alley. 
The greater importance of mechanized equipment plays 
straight into the hand of the world’s greatest industrial 
nation . . . if there is one thing America does know, it is 
industrial production! Our industries know how to pro- 
duce. They have the skilled manpower. They have the 
organized facilities. Beyond any doubt, we can produce 
all that we need to win the victory that we must win— 
if only we are given the time. 


THE FIRST RESPONSIBILITY OF THE ARMED 


FORCES IS TO GAIN THAT TIME FOR US. 
THE FIRST RESPONSIBILITY OF INDUSTRY 

IS TO USE TO THE FULL EVERY SECOND OF 

THAT TIME IN PRODUCING THE WEAPONS 








THE ARMED FORCES NEED TO WIN THE 
ULTIMATE VICTORY. INDUSTRIAL PRODUC- 
TION IS THE KEY TO VICTORY. BUT IT MUST 
BE BIGGER PRODUCTION AND FASTER PRO- 
DUCTION THAN WE EVER HAVE KNOWN. 


Heretofore American industry has worked to produce 
more of those things which make our lives more enjoy- 
able. Today it must divert much of its energy from the 
products of peace to the weapons of war. 

This change sets up a new yardstick of industrial per- 
formance. In time of peace we measure production effi- 
ciency in terms of money saved. From now on, we must 
measure efficiency chiefly in terms of time saved. For 
the plane, the tank, the gun, or the ship that is ready 
when it is needed to win a victory, is worth a million 
times more than the one that is delivered too late to 
avert a defeat. 

Everyone knows how short we are of some materials 
and machines. But our most tragic shortage is the short- 
age of time. So whatever we may waste in the days 
ahead—and unhappily we are bound to waste plenty— 
let us never forget that the most deadly waste of all is 
the waste of time. 

Time wasted never can be replaced. No one ever has 
discovered a substitute for time. If we would avoid the 
waste of this irreplaceable ingredient of victory, we 
must use every minute of it effectively—while we still 
have it. 

That goes for us all. It goes for the man or the woman 
at the bench, at the desk, at the counter, in the field, or 
in the executive office. It goes for the politician as well 
as for the business man. It goes for the humblest and 
the most powerful. A nation at war cannot carry dead- 
heads. It cannot spare a square foot for any one who will 
not pull his weight. 

In this war, nothing short of complete -victory can 
save the liberties of us all, rich and poor, employer and 
employee, haves and have-nots alike. The price of that 
victory is the labor, the loyalty, and the devotion of 
every last one of us. Winston Churchill said it well for 
the British people. You know how he said it. I need 
not repeat it. 

All this imposes upon American industry, its owners, 
its managers, and its workers, the gravest responsibility 
they ever have assumed. If our country is to survive as a 
free nation, American industry must rise to that re- 
sponsibility. If our country should fall, it would fall 
because American industry fell short of the need. It 
would be another case of “too little and too late”. 

This grave responsibility calls for the keenest man- 
agement industry ever has known. It calls for unremit- 
ting research to make the most of our resources. It calls 
for the reduction of waste to a record minimum: that 
goes for waste of time, labor, and material. It calls for 
keeping our machinery working as near to full capacity 
as we can contrive. It calls for the highest rates of unit 
production we ever have known. That will mean skill- 
ful coordination by management and the most intelli- 





gent cooperation that the men in the shops can give. 
It calls for inventive ingenuity to match that of a nation 
which has produced some of the world’s outstanding 
technical genius. For this is a war of technical pro- 
ficiency. 

But above all, it calls for a new devotion to the day’s 
work. For so long as we are at war, the day’s work will 
determine our country’s security. 

Whatever may be our material resources and our 
technical skill, however resourceful our management, 
however broad the scale of our effort, industry cannot 


measure up to its prodigious responsibility if any of us. 


shirk the day's work. Right there is where we find the 
one thing we all can do—the one thing that is within 
the power of each of us. 


THAT ONE THING IS SIMPLY TO DELIVER 
AN HONEST DAY’S WORK WHEREVER WE 
ARE CALLED TO SERVE. HONEST WORK 
WILL WIN THIS WAR. LOAFING WILL LOSE 
IT. THE SHOWDOWN WILL BE WHETHER 
HITLER CAN DRIVE HIS PEOPLE TO WORK 
HARDER THAN WE ARE WILLING TO WORK. 
THERE IS NO ONE TO DRIVE US. WE MUST 
DRIVE OURSELVES! 


Is that so much to ask? It is all our country asks of 
us, the men of industry. It is all that the men who must 
work the guns and tanks in the field ask of us. It is all 
that the men who work our ships and our planes ask of 
us. “Give us the planes, the guns, the ships, the tanks, 
and all the rest of our tools,” they tell us, “and we'll 
give you the victory that means so much to us all. But, 
in the name of that victory, give them to us quickly— 
QuickLy —OUICKLY'" 

Is that, I repeat, too much to ask of us? 


* * * * 


To help American industry achieve ever-higher stand- 
ards of efficiency has been the traditional mission of 
McGraw-Hill for three-quarters of a century. Normally 
that effort has been directed toward higher efficiency in 
the business of peace. But, as in the first World War, 
twenty-five years ago, it now is directed toward efficiency 
in the business of war and in every department of 
American effort that can contribute, directly or indi- 
rectly, to the achievement of victory. 

And to that mission, I here pledge every resource of 
this company, its publications, its books, its staff, and 
every service it is qualified by experience and training to 
render to American industry, now enlisted in our com- 
mon cause. 

That is what we of McGraw-Hill can do. And that is 
what we shall do to our utmost. 


President, McGraw-Hill Publishing Company, Inc. 





Tbis message is appearing in all McGraw-Hill industrial and business publications, reacbing over a million readers. 
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140 PAGE FASTENING DATA BO 


on Government 
approvals! 
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Explains facilities for volume 
production of intricate, 
precision stampings! 


COMPLETE INFORMATION ON ALL 
SHAKEPROOF PRODUCTS INCLUDING: 


SEMS Fastener Units * Lock Washers * Locking and Plain Terminals : 
Thread-Cutting Screws * Locking Screws ۰ Spring Washers * Radio and 
Instrument Gears * Engineered Shakeproof Parts * Special Stampings 
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Tells how Shakeproof Prod- 
ucts speed up pro- 
duction! 


—— 


Gives full dimensional data 
on all Shakeproof 
fastenings! 


JUST OFF THE PRESS... 
SEND FOR YOUR COPY TODAY! 


The new Shakeproof Catalog is now ready for distribution to 
design engineers, purchasing executives and production men. 
It presents the complete line of Shakeproof fastenings and 
other important products with full explanation of types and 
sizes offered and detailed engineering data. Every metal 
product manufacturer should keep a copy handy for it is an 
outstanding reference book which will help solve many impor- 
tant production problems and point the way to faster assembly 
operations. Send the coupon below for your copy today! 


Wlacl thie Cougeou / 
* 

SHAKEPROOF Inc. 

2501 North Keeler Ave., Chicago, Ill. 





Please forward my copy of your new Shakeproof Catalog No. 42! 


(Please Print) 


Firm Name 


Address 
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Socket Head 
Cap Screw 





THE HOLO-KROME SCREW CORP., HARTFORD, CONN,, US.A. 
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E ease of power transmission application, for versatility 
of installation, for maximum production of your machines, 
for long, troublefree operation in the field . . . your best answer 
is Oilgear Fluid Power Pumps, Motors, Transmissions, Cylin- 
ders, and Valves. Note the varied applications of Oilgear shown 
on this page; they are a trifling few of the many tough machine 
design problems solved by mánufacturers in many fields. 


Oilgear Fluid Power Systems are compact, simple, easy to 
install. They present smashing advantages over mechanical 
drives and other hydraulic systems. They may be used with 
any kind of drive — belt, chain, gear, or direct —and require a 
minimum of piping and space. They offer a wide range of 
standard sizes and controls permitting you to custom-fit Oil- 
gear Systems to the speed, power and function specifications 
of practically any machine. Speeds are steplessly variable 
from zero to maximum in either direction; ratios between feed 
and rapid traverse are high; feed speeds can be controlled 
with micrometer accuracy; reversals are fast, cushioned and 
controlled; lubrication is automatic with Oilgear Fluid Power 
Units. Pre-set operating speeds in either direction, remote 
control by push-button stations and automatic pressure un- 
loading are a few of the advantages of the many different 
types of Oilgear standard controls. 


The superior performance and dependability of Oilgear 
Fluid Power Systems have proved out on the toughest defense 
schedules. From your standpoint and your customers’ it is the 
most economical and efficient answer to the power problems 
of your machines. Complete technical data is yours for the 
asking. Just indicate on the coupon whether you want in- 
formation about Oilgear Pumps, Motors, Transmissions, Cylin- 
ders, Valves, or all of them. THE OILGEAR COMPANY, 1311 


West Bruce Street, Milwaukee, Wisconsin. 


Feeds » Pumps + Cylinders + Valves * Motors + Transmissions 
Horizontal and Vertical Broaching Machines - Horizontal and 
Vertical Presses + Custom Built Machines 


THE OILGEAR COMPANY, 1311 W. Bruce St., Milwaukee, Wisconsin 
e a G £ A R Please send information about [] Pumps and Motors, 
O Transmissions, L] Cylinders, O Valves. 
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THE MOST EFFECTIVE APPLICATION OF 


I 





Full Line Contact of Two-Zone Contact of Roll Ground Radius 


Final-Finish Sur- End insures Roll Align- of Cone Flange 

faces Coincide on ment. (Patented Dec. 6, Prevents Noise 

a Common Apex. 1930, Patent No. 1784914.) and Chipping. 
/ 
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HIRTY-EIGHT yeats of Roller Bearing 
idi have proved that de- Oil Groove Pro- 
sign کش‎ the mest important element in a à vides Positive 
a hearing. Lubrication for 

Roll Heads. 

Likewise, the use of many millions of 
Bower Roller Bearings as original equip- 
ment over a period of many years 
Large Area of 
Flange Reduces 
automobiles has proved the correctness Unit Pressure. 


of BOWER DESIGN. l Sens / 


/ 
/ 


iniAmeriexzs leading large-production 


Bearing users will appecciate that the 
exacting standards of the zwtomotive 
industry and the severe usage of" bear- 
ings in automobiles offer a challenge 
that no roller bearing can meet unless 
it possesses the highest degree of quality 


known to the bearing industry. 


One of the secrets of Bower’s leader- 
ship is the fact that its technical men 
have never waited upon the ingenuity 
of other men. Bower engineers push 
relentlessly ahead—far beyond the needs 
of the moment—to make new technical 
discoveries and to apply them always in 
ADVANCE, 

This Tapered Roller Bearing is a lead- Multiple Perforated Re- 
ing example of Bower design. It embod- tainer for Roll Spacing. 
ies important advantages that no other 
bearing possesses — advantages that 


Bower engineers discovered and incor- 
Case Hardened Alloy 


porated ahead of all others. Stee! Cup end Cone. 


For more detailed information on 
Bower design. ask us for a copy of the 
folder, “Secrets of Bower Roller Bearing 
Design and Quality.” 


Bower Finish Like 


éé . . ۸ 0 ۰ 

A "Face-Lifting" Operation 
1. ROUGH GROUND — Photomicrograph —25 diameters showing amor- 
phous film with roughness of approximately 15 micro-inches (millionths 
ROLLER BEARING CO. of an inch). 2. FINISH GROUND — More but finer scratches — surface 
Detroit. Michigan finish of approximately 10 micro-inches composed of amorphous metal 
left by finish grinding — Photomicrograph of 25 diameters. 3. FINAL 
FINISH —25-diameter photomicrograph showing amorphous metal and 


grinding marks removed, baring hard surface and smoothness of approxi- 
mately 3 micro-inches — scratches below surface. 
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RIGHT NOW OUR FACTORIES have only one interest: to 
make more Defense Aluminum than the world has ever 
seen before. Every resource we can muster is concentrated 
on that job. 


WHEN AMERICA HAS WON THROUGH to make the world 
safe for our children to live in...the saying is: What a 
lot of aluminum is going to be available for everybody. 
THE REAL POINT TO PONDER is how to get set to make 
that deluge of light metal work for you. In the kind of 
world we're going to have, sure as fate, the man who fails 
to call, now, on every resource at his command is going 
to be left at the post. 


WE'VE COINED A WORD: 


IMAGINEERING. It's the fine art of deciding where you go 
from here. It's the act of thinking out what you are going 
to face, and doing something about it now. Imagination 
plus engineering is a formula for the future you're going 
to hear more about. 

A MAN CAN be producing for Defense at top speed and 
be imagineering at one and the same time. In fact, the 
more he is devoted to Defense now, the more he needs 
imagineering for THE DAY WHEN. 


OBVIOUSLY, you can imagineer with steel, copper, glass, 
zinc, plastics, or what have you. We hope you will, because 
the world is going to need better use of all materials than 
it ever saw before. 


THE CLOSER YOU GET TO FUNDAMENTALS the more 
quickly you must decide that the great need is going to 
be for the very things Alcoa Aluminum does best: Light- 
ness with strength, resistance to corrosion, reflectivity, 
workability and all the rest of its powers all wrapped up in 
a low-cost package full of unlimited possibilities for you, 
personally, in your business. 
TWO HEADS ARE BETTER THAN ONE. Already, many 
an industry, many a company, has called us into an 
imagineering session. We've seen things projected that 
will make news when the curtain can be lifted. Usually 
THE JOB we’ve been able to help with some imagineering of our own. 
IS DOES THIS SUGGEST ACTION? WE HOPE SO. 


Aluminum Company of America, Pittsburgh, Penn. 


ALUMINUM, 


DEFENSE, 
BEING 


"V ALCOA ALUMINUM 


January, 1942 
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HESE flying water-scats 
were designed almost beyond the power of men to 
control. As it is, the men must be heavily padded, 
lashed to their positions, to take the pounding of 


terrific speeds in rough weather. 


Every part of these mosquito boats from gun 
to galley has been specified and manufactured to 
withstand the hard use that make the boats a 


powerful weapon of attack. 


For rugged service in the heavy duty machines 
of war—and for delicate duty in the sensitive 
instruments of science go Barnes-made springs 
in endless streams from mass production lines, 
controlled by the engineering skill of veteran 


springmakers. 


Wallace Barnes Company 


DIVISION OF ASSOCIATED SPRING CORPORATION 


BRISTOL, CONNECTICUT, U.S.A. 
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American industry has learned to use so many 
forms and types of steel, and so many methods, 
that no one man, or group of men, knows them all. 

That is why the Steel Castings Industry pools 
its knowledge and experience. Ideas and infor- 
mation, within the industry, are freely inter- 
changed, for your benefit and profit. 


Your own foundry can serve you better, by 


STEEL CASTINGS 


Bring You These 7 Advantages 


Uniform Structure ishing costs, better ap- 
for strength and shock pearance. 
resistance. 
High rigidity, accu- 
Metaldistributed for rate alignment, mini- 
strength with mini- mum deflection, better fit. 
mum weight. 
Readily weldable in 
Wide range of physical composite structures. 
properties. 
High fatigue resist- 
Good Machining ance, longer life, ideal 
qualities — lower fin- _forcritically stressed parts. 







TEELGBSTIN 





MODERNIZE YOUR PRODUCT WITH 





making available to you what the whole industry 


has learned of improved designs, methods, 
techniques. 

Each month, ten technical and operating 
groups of production men, in major production 
areas, meet for discussion and exchange of ideas. 
These meetings permit the whole industry to 
share progressive ideas, technical information 
and research results. 

That's teamwork. 

Within the industry, foundries compete with 
each other. Each has a perfectly human desire 
to do more business. But they co-operate with 
each other too, to make the products of the 
industry worth more to you, in your business. 

For information on how Steel Castings can 
help you improve or modernize your product, or 
reduce your costs, consult your local foundry, or 
write to Steel Founders’ Society, 920 Midland 
Building, Cleveland. 
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The SPENCER DISC 
has earned its wings 


with these 4 Aircraft Circuit Breakers _ Klixon NAF-1131 Circuit Breaker. 


only 14% ounces. Ratings from 5-40 amps 
in steps of 5. M 








Klixon PLM-1!2" Circuit Breaker. 


Used for higher ratings than the NAF-1131. 
Compact and light in weight. Ratings 
range from 35 amperes up. Comes with or 
without luminous tip on reset button. 








CIRCUIT BREAKERS 
FOR PLANES, TANKS AND TRUCKS 


Klixon Circuit Breakers, already approved for use 
in military aircraft, are being installed in not only 
planes but in tanks and trucks as well. Millions of 
these breakers are now protecting electric circuits 
from overloads in mobile or flying equipment 






The Spencer snap- 

acting thermostatic 
| disc—the control el- 
| ement of Klixon Motor Protectors, Transformer Pro- 
tectors and many other Klixon Thermostat controls— 
has now taken to the air. Klixon Circuit Breakers—also 
operated by Spencer snap-acting discs—are going into 
planes by the thousands. And the reason? Simply this— 
Klixon Circuit Breakers are permanent protective de- 
vices. If a circuit is overloaded these breakers will open 
the circuit until overload conditions are removed, at 
which time the circuit can be reestablished by either 
pushing a button or switch on the breaker. Frequent 
replacements are unnecessary. Protection is assured. 
Trouble from temporary shorts is eliminated. Send for 


complete information. 
201 Y 
"TN Klixon Switch-Type Circuit Breaker— 


Type D-6364. 


Spencer Thermostat Co., 901 Forest St., Attleboro, Mass. 
It is rre for its size. Being twice the 


width the C-6363 it can be mounted in 
same as two C-6363's. Ratings range 
from 35 amps up. Comes with or without 
luminous tip. 





Klixon Switch-Type Circuit Breaker— 
Type C-6363. 


Small, compact, and light in weight, this 
breaker is interchangeable with respect to 
mounting dimensions with standard air- 
craft toggle-switch. Ratings from 5-30 
amps in steps of 5. Comes with or without 
luminous tip. 


تلبت تس سر 








MANUFACTURERS OF THERMOSTATS AND TEMPERATURE CONTROLS 
FOR AIRCRAFT CABINS, RADIOS, ENGINES AND (INSTRUMENTS 
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AUTOMATI 
EXPANSION 
VALVE 


January, 1942 


PACKLESS VALVE 
PRESSURE 


REGULATOR 


FLEXIBLE 
CONNECTION 
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sme TEMPERATURE 
VENT VALVE REGULATOR 


SHAFT SEAL 


New products created, old products improved . . . designers in practically every tiela 
use Sylphon Bellows to advantage. 

In Sylphon Thermostat Assemblies, for instance, this amazing metal diaphragm helps 
solve the problems of temperature control in refrigeration, heating, air conditioning 
and industrial processing. 


As highly efficient diaphragms used to convert pressure effects into controlled move- 
ment in instruments, appliances and machines of various types . . . as flexible seals, 
expansion chambers, rotating shaft seals, packless glands and for endless similar pur- 
poses, the Sylphon Seamless Metal Bellows is constantly replacing less durable, less 
dependable materials in the products of leading manufacturers. 

Sylphon Bellows were pioneered 40 years ago by The Fulton Sylphon Co. Tried and 
proved, many millions of units are now in service. Quite possibly you have a problem 
which finds its right answer in Sylphon Bellows—the modern "Miracle in Metal." 
Write today for Bulletin AP-535 


THE FULTON SYLPHON CO. 
KNOXVILLE, TENNESSEE 


Representatives in All Principal Cities in U.S. A. and in Montreal, Canada and London, England 
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7 — CONTROL 


Organ melodies are a blend of many separate notes struck by the 


musician’s fingers on the organ keyboard — his control station 


A multi-circuit push button station is the machine tool operator's 
"keyboard." It provides finger-tip control of the automatic panel 
which governs the sequence and timing of all operations required to 

create thousands of identical parts from raw metal stock. ! 


Square D's new Class 9001, Type M series of push button stations 
and enclosures has been designed for more flexibility, convenience 
and safety in transmitting the operator’s finger-tip messages to the 
motor control panel. 

Square D offers enclosures for 3, 6, 9, 12, and 16 push button, 
selector switch or pilot light control units. Each may be furnished as 
an assembled station; or as an enclosure only, in which the machine 
tool manufacturer can fit units from stock to fill his immediate needs. 
Knockout closers are provided for unused openings in the cover plate. 

Each enclosure consists of a cast iron case, gasket and steel cover 
plate. The case may be drilled and tapped for conduit entrance in 
five convenient locations. 


The Type M push button series supplements a wide assortment of 
other control stations, limit switches and accessories in the Square D 
line. All have been developed to make practical the complex metal 
working operations expected from modern machine tools. 







WRITE FOR BULLETIN 9001-M 


SQUARE E COMPANY 











or Macame loor OPERATOR 






—— 


PPRESSURE @ 





Drip-tight push button, selector switch 
or pilot light control units can be assem- 
bled in any desired combination on the 
cover plate. The assembly method is 
illustrated below in connection with a 
type MO selector switch. 








CALL IN A SQUARE D MAN 





DETROIT- MILWAUKEE -LOS ANGELES 


KQOLLSMAN INSTRUMENT DIVISION, ELMHURST, NEW YORK * IN CANADA: SQUARE O COMPANY CANADA LIMITED, TORONTO, ONTARIO 










NORMA-HOFFMANN BEARINGS CORP’N., | 
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MAXIMUM CAPACITY 
IN MINIMUM SPACE 


WITH SINGLE-ROW BALL BEARINGS 


VRMA-AVFFMAN 


PRECISION ROLLER BEARINGS 


STAMFORD, CONN., U.S.A. 
Write for the Catalog. Let 


our engineers work with you. 





e Founded in 1۰ 


. ing larger load and shock-ab 


 NORMA-HOFFMANN PRECISION Lx 









Their solid cylindrical roles E 


provide maximum contact 


capacity than any other sin E 
barine of like dimensions TAOS A 


ROLLER BEARINGS are used in place 
of ball bearings, a greater factor of 
safety is provided, together with added 
life, particularly under vibration and : 
overload. PRECISION qualities in work-- 
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. WELDED DESIGN] 









Bronze inserts were formerly installed in marine valves of 
this type to insure long trouble-free service. Now a faster, 
simpler, less costly method does the job equally as well, if 
not better. Utilizing the Airco oxyacetylene flame and 
bronze welding rods, a "sure sealing” bronze seat is de- 


s La HEUS Sn 


posited on the valve. Welding eliminates a step in manu- 


A 


facture, saves time, conserves a valuable defense metal. 


— کے 


Simplified product design is often achieved by welding. 
With this in mind Air Reduction makes available its broad 








experience to assist its customers wherever possible, both 
on the drafting board and the production line. Full details 
on request. 





Reduction 


General Offices: 60 EAST 42nd ST., NEW YORK, N. Y. 


IN TEXAS 
MAGNOLIA-AIRCO GAS PRODUCTS CO. 


AIRCO DISTRICT OFFICES IN PRINCIPAL 

















CITIES 
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245 E. OLIVE A 
RAIGHT TUBE 


iL SNUBBING (V. S.) 
JAM MOUNTING 


primary law of vibration control tells us that in any 
flexible mounting system, for a known load and disturb- 
ing frequency, the isolating efficiency of the mounting 
increases as the deflection of the mounting increases. The 
efficiency of bonded rubber mountings for supporting me- 
chanical equipment depends largely on this condition. One 
of the earliest forms of rubber mounts is the simple compres- 
sion pad as indicated in Block A. As rubber is an incompressi- 
ble material, provision must be made for bulge or flow of the 
rubber as the mounting deflects. In actual practice, compres- 
sion type mountings are unstable as they are soft in all 
directions normal to the vibratory thrusts. 


Block B shows a mounting with the load applied so as 
to produce tensile stress in the rubber. A mounting of this 
type is somewhat softer than rubber in compression, but has 
the same lack of stability in directions perpendicular to the 
vibratory thrusts. When a mounting is loaded in tension, the 
rubber stretches, reducing the cross sectional area. In this 
condition, rubber is extremely sensitive to injury and any cut 
or tear will cause rupture and quick failure. 


Rubber stressed in shear under load, which is the 
operating principle of all Lord Mountings, has proved to 
be the most efficient design for obtaining adequate deflec- 
tion under load without sacrificing other desirable character- 
istics. As shown in Block C, mountings operating in shear 
do not require a large volume of rubber and are, therefore, 
stable in all directions normal to the vibratory thrusts. This 
cross-section shows a typical Lord Tube Form Mounting, 
which is made in various sizes for supporting loads from 
a few pounds to 1500 pounds each and in special sizes for 
any higher load rating. For supporting lighter loads, from 
a few ounces up to 300 pounds each, Lord Plate Form Mount- 
ings are made in numerous sizes. 


For a full description of standard Lord Shear Type 
Mountings and an engineering discussion of vibration con- 
trol, write for a copy of Lord Bulletin 104. 


. | LORD MANUFACTURING COMPANY... ERIE, PA. 


280 MADISON AVE, NEW YORK 





BONDED RUBBER 


SHEAR TYPE 
VIBRATION 
MOUNTINGS 
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ED RUBBER 
MOUNTING 


LORD BOND 
SHEAR TYPE 


844 N. RUSH ST., CHICAGO 





HIGH SHOULDER 





VERTICAL SNUBBING [Y.S.) . 
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hen Rigid Economy 
Was Paramount... 


When competition was at its keenest and 
getting costs down and profits up was the 
order of the day in every plant, REEVES 
Variable Speed Control became firmly es- 
tablished in industrial production. Then, 
as now, REEVES Speed Control made it pos- 
sible to improve both the quality and quan- 
tity of output and to save costly man-hours 
of labor by enabling the operator to run 
his machine at exactly the right speeds for 
best results on every job. 


When Production Must 
Hit a New Peak... 


Today there is no time to waste with in- 
efficient methods, with machines operating 
too fast or too slow for best results. Every 
man-hour of labor must be made to count. 
Every yard, pound or gallon of precious 
materials must be conserved. Production 
must hit a new peak, but with no sacrifice of 
quality. Reeves Drives, which provide 
complete speed flexibility, are a basic 
factor in accomplishing these objectives. 












Tomorrow your machines may be called upon to handle entirely different 
materials, produced under entirely different conditions. Applied now, REEVES 
Speed Control will pay dividends in increased machine efficiency, after the war 
as well as in the present emergency. Let our engineering department help you. 
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Send for copy of help- 
ful new 20-page book, 
“More Output for De- 
fense," illustrating and 
describing 26 examples 
of how you can step up 
your production with ac- 
curate speed control. 


REEVES PULLEY COMPANY œ Dept. K © COLUMBUS, INDIANA — 
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HOW THE.HYCON SYSTEM ACTUATES 


AND CONTROLS SPEED AND PRESSURE IN 


STRAIGHT LINE MOTION MECHANIÉMS 
WITH STORED HYDRAULIC PRESSURES 
UP TO 3000 LB PER SQ IN. 


Check on Hycon's lightness, compact- 
ness, and low cost. Check, too, on how it 
saves power by eliminating constant 
pumping on intermittent operations 

and operates under all ordinary tem- 
perature conditions without adjustment. 


pa 





Typical installation with Hycon pump and pressure tank actuating 4 work cylinders 


e diagram shows a typical assembly of HYCON equipment. The 
brk cylinders (D) may serve any desired function such as the move- 
nt of a brake, clutch lever, door, electric circuit breaker. To these, 
draulic pressure is applied in any amount up to the designated 
it by the control valve (E). The energy for actuating the work cyl- 


ET THE HYCON 


ACTS ON 


are facing the problem of designing a control or control actuat- 
stem for any mechanism employing straight line motion, infor- 

on Hycon is important to you. With it you can achieve greater 
city of design, accuracy of control, and, probably, increased 
ne capacity at lower cost. Details concerning the system and 
brking parts are covered in the recently prepared booklet, 
lopments in Systems for Hydraulic Control of Straight Line 
n.” Please let us know where to send your copy. 





inders is primarily derived from the pressure tank (C) and this in 
turn is charged by the pump (A). The delivery from the pump is gov- 
erned by the suction control valve (B). The work cylinders on the 
return stroke discharge into the sump tank (F) from which the fluid 
is pumped into the pressure tank and/or the work line. 


HYDRAULIC CONTROLS, INC. (Division of The New York Air Brake Company) 
122 South Michigan Avenue, Chicago, lll. 


Hydraulic Controls, Inc., Dept. 107 

122 South Michigan Avenue, Chicago, Ill. 
Please send me my copy of “Recent Develop- 

ments in Systems for Hydraulic Control of 

Straight Line Motion” to: 


Company 
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ENGINEERING ADVANCEMENT for new Chicago project is the use of radial roller bearings in the bascule 
type bridge now under construction for North State Street. The bridge, a perspective study of 
which is shown above, will rank among the largest of its kind in the world, with a width of 108 
feet and a clear span of 210 feet. Two 36-foot roadways will be provided. Shown at left is cross- 
section of one of the large (4714” 
O.D.) Self-Aligning Roller Bear- 
ings, designed and built by Ban- 
tam, which will support two sets 
of three trunnions which in turn 
will carry the two movable leaves 
weighing 8,500,000 lbs. each. Self- 
aligning features, provided by 
spherical outer races resting in 
spherical housing seats, will com- 
pensate for any possible load de- 
flections that may take place—an- 
other example of Bantam’s engi- 
neering skill in designing anti-fric- 
tion bearings for new and unusu- 
al requirements. Furthermore... 





1 Substantial savings in size of electrical equipment 
be and in power operating costs will be made through 
i the use of Bantam Radial Roller Bearings. Only 


four 75 HP series motors will be required to 
operate the bridge, while the lower servicing and 
maintenance requirements of these bearings will 
bring additional savings. Bantam Bearings, such 
as those shown at left, have already been applied 
with gratifying results in other types of bridges. 
Breakaway and running loads have been re- 
duced, and spans are moved with greater ease. 


 DANTAM 


STRAIGHT ROLLER - TA 





BANTAM BEARINGS CORPORATION 





“BIG BRUISER" is this M-3 28-ton tank shown 
leaving the assembly line of the Chrysler 
Tank Arsenal. In the transmission, Bantam's 
Quill Roller Bearings aid in passing the tre- 
mendous driving power from motor to tractor 
treads. Maintaining a prompt, efficient flow 
of bearings of all types to the assembly lines 
of industry is Bantam's first job in helping 
meet the demands of the rapidly increasing 
production of defense material. 


{ 
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THE MANY ADVANTAGES of Bantam’s compact, 
high capacity Quill Bearing are making it 
increasingly in demand for defense needs, 
where dependability and long-time mainte- 
nance-free service are primary considerations. 
A self-retained unit, easily installed and lu- 
bricated, it is ideally adapted to production 
line assembly methods. And its small size 
permits savings in materials of surrounding 
parts. For details on this unusual bearing, 
write for Bulletin R-104. 





EVERY MAJOR TYPE OF ANTI-FRICTION BEARING is 
included in Bantam’s line—straight roller, 
tapered roller, needle, and ball. If you 
have a difficult bearing problem, TURN TO 
BANTAM. 


EARINGS 


ROLLER * NEEDLE ‘° BALL 


* SOUTH BEND * INDIANA 
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— and the answer is under his thumb 


a 
— the metal in the pencil — may be the best metal to 
meet the requirements. What other metal offers such industrially valu- 
able qualities as SILVER? 


It is one of the most ductile and workable metals known and combines 
readily with other metals to make useful alloys that have unusual proper- 
ties. Silver is practically indestructible in its immunity to many kinds of 
corrosion and it is a superior conductor of electricity and heat. Silver is the 
whitest of metals and has high reflectivity. It also has excellent germicidal 
qualities and the salts of silver are photo-sensitive. 


Industry is becoming increasingly aware of SILVER, learning that its cost 
is often unimportant compared to its advantages — almost negligible in 
many cases, due to the small quantity needed. 


Much vital data concerning Silver and its industrial uses is on record and 
readily available through the Service described at the left. If you have a 


specific metal problem, find out whether Silver can help to solve it. We 
invite you to write us. 


AMERICAN SILVER PRODUCERS’ RESEARCH PROJECT 


Under Direction of Handy & Harman 
82 Fulton Street New York, N. Y. 


fit’s a metal problem, think of SILVER! 





CUSHIONED ROLLER 
ASSURES LONGER WEAR! 


When the sprocket teeth mesh with 
Silverlink roller chain, the unique 
curled roller acts as a shock-absorb- 
ing spring which resists hard blows— 
reduces wear and repairs! 


LINK-B 








@ When you look at a section of Link- 
Belt roller chain, you know it has every- 
thing! Its brilliant beauty is in keeping 
with its high quality and precision de- 
sign. Its great strength, and durability as- 
sure dependable, low-cost service. Send 
for Engineering Data Book No. 1757. 


LINK-BELT COMPANY 
Indianapolis, Ewart Plant, 220 S. Belmont Ave. 
Chicago Philadelphia Atlanta Dallas San Francisco Toronto 
Branch offices, warehouses and distributors in principal cities s666 


Leading Manufacturer of Mechanical Transmission Equipment—Silent and 
Roller Chains .. Speed Reducers .. Speed Variators . . Roller, Ball and Bab- 
bitted Bearings . . Collars. . Couplings . . Base Plates . . Take-Ups . . Clutches 

. Gears . . Sprockets . . Hangers .. Shafting .. Pulleys, etc. 
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Designing Molded Plastics Parts: INSERTS 





To incorporate inserts in molded plastics parts 
the following general factors should be considered: 
(1) Avoid use of delicate inserts for compression 


from the engineering files of One Plastics Avenue 


edges. (5) Placement of inserts should be at right 
angles to parting lines. (6) Knurl, punch or groove 
inserts for good anchorage. (7) Where metal inserts 


type molds. (2) 
preferably round, for easy cleaning. (3) Minimum 
amount of plastics around insert: 3/32 in. for 4 
in. insert; l5 in. for !5 in. insert; l4 in. for inserts 
over 4 in. (4) Keep inserts from corners and 





THREADED INSERTS > 


preferred ratio of length to 
eter for all threaded inserts is 
) 1. Always use a coarse knurl 
ag compounds, and as coarse as 
ible for other compounds. 
re heavy loads are encoun- 
j design insert to carry the 
s; do not put load on plas- 
part. Female inserts are generally 
pped after molding. Length of 
d should be kept to minimum 
projecting end of insert 
ld be smooth, round and free 
knurl. 





STAMPED OR PUNCHED > 
INSERTS 


pid delicate or unsupported pro- 
ons in compound. For rag or 
compound use rigid inserts 
ever possible. Good anchorage 
portant. Laminated metal in- 
may be molded. 











Use simple 









































are used as electrical contacts, provide proper 
air gaps at point of arcing to avoid burning or 
carbonization of plastics. (8) If possible, 
avoid using inserts for injection molded 
thermoplastics. 


shaped inserts, 


« ROD AND WIRE INSERTS 


The best general length to diameter 
ratio is 2 to 1 wherever practicable. For 
compression molded parts the maximum 
ratio of length to diameter of rigid 
inserts should be 4 to 1 if one end is 
supported, 8 to 1 if both ends are sup- 
ported. 
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TYPICAL APPLICATION Typical of molded parts incor- 


porating inserts is this electrical switch section which has five 
separate inserts including each of the major types—rod, 
threaded and stamped. 


ADDITIONAL FACTS General Electric has 14 stand- 
ard female inserts. Inserts of Mycalex, porcelain, woven 
wire mesh, laminated phenolic material, woven glass, 
etc., can be molded in plastics parts. Because of current 
shortages metal inserts should be used only when essential 
to part. G.E.'s consulting engineering service will advise 
you on best methods of design. 


« . SPUN-OVER INSERTS 


For anchorage, dimensions, materials, 
same rules apply as to threaded inserts. 
This is a good method of assembling 
contact strips, washers, etc., on the molded 


part. ONE PLASTICS AVENUE at Pittsfield, Massachusetts, is 


the headquarters for five plants of the Plastics Department 
of General Electric Company. It signifies the location of 
complete plastics facilities for development, material 
manufacture, designing, engineering, moldmaking, mold- 
ing and laminating. 











REPRINTS of this advertisement may be obtained by writ- 
ing Section C-1, General Electric Plastics Department, 
Pittsfield, Mass. 
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ITS INHERENTLY FINER GRAIN 
MAKES ALL THE DIFFERENCE 


EACUS SA A po 
spe 

Wa 
The proof of the pudding is in the eating. Likewise the proof 
of the “Jeep” to stand the gaff, was in the field. It came 
through with flying colors—it stood the test, over rough 
terrain, under all types of weather conditions. 

The “Jeeps” have frames made of N-A-X HIGH TENSILE. 
And it wasn't just by chance that this superior low alloy steel 
was used. Long before the necessity for this important unit of 
the armed service was urgent, N-A-X HIGH TENSILE had 
proved highly successful in hundreds of exacting applications, 
in many of which other comparable steels had failed. 

With such a record behind it, it was natural for manufac- 
turers and fabricators to use N-A-X HIGH TENSILE for 


frames of the “jeeps” and also for a wide variety of other 
defense applications. For this superior steel possesses proper- 


High Tensile 


(9115) 


ties which make it ideal for equipment so vital to the 
defense of America. 

N-A-X HIGH TENSILE can be fabricated by all stand- 
ard shop methods—it goes through each step in cold or hot 
forming and welding smoothly, quickly, economically. And 
because of its outstanding ductility, finished equipment has 
greater resistance to the destructive forces of stresses, shocks, 
impact and fatigue, over rough terrain, in both extremely 
hot and sub-zero weather. 

We shall be glad to furnish additional information. A Great 
Lakes engineer will call at your convenience, show you how 
hundreds of others have used this remarkable low allow steel 
to advantage. Wire, telephone or write today for a Great 
Lakes engineer. No obligation. 


Send for Booklet on our 9100 Series—the Versatile Alloy Steel 











LIST OF PRODUCTS 
Hot Rolled Strip (down to 1 inch wide)... Hot Rolled Strip Sheets Cup to 91 inches wide) . . . Spring Steel (carbon and 
alloy)... Merchant Bars . . . Forging Bars . . . Automobile Bumper Sections . . .Bar Mill Sections . . . N-A-X HIGH TENSILE 
Bars, Shapes, Sheets, Billets . . . Sheet Bars. . . Hot and Cold Rolled Sheets . . . Michigan Metal for Vitreous Enameling . . . Deep 
Drawing Quality (in all grades, widths up to 91 ins.) . . . Stran-Steel Metal Framing for Residential and Commercial Construction. 













GREAT LAKES STEEL CORPORATION — DETROIT, MICHIGAN 


Sales Offices in Principal Cities 


division of 


40 


NATIONAL STEEL CORPORATION 


Executive Offices, Pittsburgh, Pa. 
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8 INCO Nickel Alloys meet d 
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THE INTERNATIONAL NICKEL 


COMP ANY, INC. 
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Write f 


67 Wall Street N. Y. 
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CONDITION Im. Yield 
Strength Strength Elongati 
1000 psi. 0.2% Offset in 2 ET um Toughne 
1000 psi. per cent Brinell Stand. 2 
3000 kg. | Izod — 
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WHAT 1S THE ARC 
SUPPRESSION METHOD ? 


WHAT IS THE 
CLOSE D:-CONTACT 
PRESSURE ? 








Tap Mallory Experience for the 


WHAT 5 
ACTUATING 


METHOD ? ۱ | Complete Contact Assembly that 
“Blends with the Blueprint” 


WHAT IS THE ACTION 
OF CONTACT...BUTTING 


-WIPING OR ROTARY * While you are seeking mechanical perfection in the design, 
make certain of the efficiency of the electrical contacts. Blend 


Mallory’s contact experience with your blueprints. 
WHAT SEVERE ACTIONS 


MUST BE PLANNED FOR.. Years of specialization in electrical contacts have made it 
MECHANICAL. . GASEOUS apparent that often the selection of the right contact material, 
Mone Y 0 the proper contact design, furnish only partial answers to 
certain problems. Composition and design of contact members 
may be equally important in attaining adequate efficiency. 
WHAT IS THE J 

ALLOWABLE | The result has been an added Mallory Service—the recom- 
TEMPERATURE- | | mendation of complete contact assemblies. Through its staff 
RISE ? of experienced metallurgists and design engineers, Mallory 
has found effective solutions for a host of contact problems. 
Mallory complete contact assemblies have given the answer 
time and again to greater electrical efficiency, and not infre- 
quently, at a substantial reduction in production costs. 


The Mallory representative will be glad to tell you the 
full story of contact assemblies. 


Be Sure to Get Your Copy! Mallory Contact Catalog 


Complete information on every phase of electrical 
contact selection, design and service. You need it 
for your technical library. Write today. No obligation. 


INDIANAPOLIS INDIANA 
Cable Address — PELMALLO 





A 


LPR. MALLORY 8 CO. inc. | 


ALLORY 
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USE PARKER PROCESSES 


As leaders in advanced engineering and product 
styling, as well as in producing equipment for 
defense, the automotive industry is now pointing 
the way to greater conservation of defense mate- 
rials. Without sacrificing either beauty or utility, 
new finishing methods for various parts are de- 
veloped that will release chromium, tin, zinc and 


posed parts; with Parco Lubrizing as an oil retain- 
ing coating for friction surfaces, Parker Processes 
are filling a vital need in the automotive and other 
industries, without sacrificing either appearance 
or protective efficiency. 


Books describing these processes, where they are 


used and how they are applied are available to 
factory officials and technical men. Send for copies. 


PARKER RUST PROOF COMPANY 
2179 E. Milwaukee Ave. e Detroit, Michigan 


cadmium to our defense needs. 


With Bonderizing as a rust-inhibiting base for 
decorative enamels, that replace plated units; 
with Parkerizing for protection from rust on ex- 


227777 
CONQUER RUST 


BONDERIZING * PARKERIZING * PARCO LUBRIZING 


PARKERIZING 
A finish and sub- 
stantial protection 
from rust on bolts, bonds the finish 
screws and small to sheet metal 
mechanical parts. surfaces. 


BONDERIZING 
A rust inhibiting 
paint base that 


PARCO LUBRIZING 
A chemically produced 
coating for friction sur- 
faces that retains oil 
and prevents metal to 
metal contact. 
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How to Make 
Your Machines 
as “Talkative” as 
these Machine 


Veeder-Root Counting Devices, built into a plane’s machine guns, 

tell the gunner how many rounds are left after each burst. And these 

same devices, built into the machines that turn out armaments, tell 

operators and management just where production stands from hour = ROOT INC. 
to hour and day to day. They tell where efficiency is dropping off, HARTFORD, CONNECTICUT, U.S. A. 

where quality is in danger . . . where adjustments, maintenance and OFFICES IN Boston. Chicago, Cincinnati, Cleveland, Detroit, Green 


ville, §. C., Los Angeles, New York, Philadelphia, Pittsburgh, St. 


speed-ups are needed. So waste, delays and spoilage can be cut. Louis, San Francisco, Montreal, Buenos Aires, Mexico City, London, 
Shanghai, Melbourne. In England: Veeder-Root Ltd., Knighton, 
Radnorshire. In Canada: Veeder Root of Canada, Ltd., Montreal 


On all the machines you are turning out for Defense production, be 
sure to build in this special Veeder-Root "Intelligence Service" that 
is so indispensable in keeping machines running at full rated capacity R XXX 
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Machining Speeds up to several thousand 
feet per minute, deeper cuts, heavier feeds, 
and often with longer tool life; there's a faster 
tempo to metal-working operations when your 
plant is processing Mazlo Magnesium Products. 
Thus is Magnesium helping to speed the pro- 
duction of vital defense materials. 

Standard metal-working practices are fol- 
lowed with Magnesium. It takes a smooth finish 
and tolerances can be held to close limits. A 
wealth of helpful information—recommended 





tool rakes and clearances, cutting speeds and 
feeds, and similar data—is now available on the 
working of Magnesium. 

What is being learned today about the fabri- 
cation of Mazlo Magnesium Alloy Products will 
be available tomorrow for peacetime produc- 
tion. Then, all users of this lightest of lightweight 
metals — Magnesium — will profit by today’s 
gigantic push for production. Sales Agent for 
Mazlo Magnesium Products: Aluminum Com- 
pany of America, 1702 Gulf Bldg., Pittsburgh. 


AMERICAN MAGNESIUM CORPORATION 


SUBSIDIARY OF 


ALUMINUM 


COMPANY OF AMERICA 
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OXY-ACETYLENE FLAME-HARDENING makes 
wearing parts last longer 9 


1. What it is and how it's done 


Ox y-acetylene flame-hardening imparts a hard case 
to wearing parts to make them last longer. This is 
done by heating the area to be hardened with oxy- 
acetylene flames, and then quenching with water 
or oil. Commonly used steels and high-tensile cast 
iron can be flame-hardened successfully. Small 
areas can be hardened by the “spot” method, using 
a hand welding blowpipe. Larger areas are usually 
hardened by mechanized equipment, using the 
"progressive" method or—as shown in the illustra- 


tion at the right—the "spinning" method. 

















Hardened is M Hardened 
Areas Areas 





Unretouched view of etched cross section 
of a flame-hardened gear tooth. 





2. What its advantages are 


In many cases, oxy-acetylene flame-hardening 


3. Typical parts being hardened 


In the illustration above, Oxweld flame-harden- 
ing equipment is being used to impart a hard 















is not only the best method, but the only prac- 
tical method. Some of its advantages are: case to the teeth of a crane gear — at only the 


points where wear occurs. A few of the many 






* Parts of any size or shape can be hardened. 

* There is no appreciable distortion. other parts which are hardened—or fabricated— 
* Toughness of the core is unaffected. with the help of this oxy-acetylene process are: 
* Chemical composition of the metal is unchanged. : ; 

* Penetration can be closely controlled. Sprockets Cams Piston Rods 

* The hardened area does not spall off. Dies Crane Wheels Pump Plungers 
* [t permits use of cheaper base metals. Sheave Wheels Bearing Raceways Crossheads 

* Only a moderate equipment investment is required. Shear Blades Shafts Saw Blades 








Linde can supply the gases, the apparatus, THE LINDE AIR PRODUCTS COMPANY 


and help in using flame-hardening. If you Unit of Union Carbide and Carbon Corporation 
are interested in giving longer life to wear- — — 

o ۳ o General Office: New York, N. Y. Offices in Principal Cities 
ıng parts, talk it over with Linde! In Canada: Dominion Oxygen Company, Limited, Toronto 


LINDE OXYGEN... PREST-O-LITE ACETYLENE... UNION CARBIDE 





OXWELD, PUROX, PREST-O-WELD APPARATUS... OXWELD SUPPLIES 


The words “Linde,” *‘Prest-O-Lite,” “Union,” “Oxweld,” ‘‘“Purox,’’ and **Prest-O- Weld"' are trade-marks of Units of Union Carbide and Carbon Corporation. 
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AVAILABLE FOR PROMPT DELIVERY 


With production schedules constantly endangered by non- 
delivery of essential materials, the elimination of even 

ıe such problem is a valuable aid in maintaining maxi- 
mum output. Torrington Needle Bearings are available 
for prompt shipment on your priority orders! 

Right from the start, steadily rising sales curves reflected 
industry's immediate recognition of the Needle Bearing's 
advantages. Long before defense requirements brought in- 
creasing demands for most industrial materials, Torrington 
was prompted to expand production capacity again and 
again, to anticipate growing use of the Needle Bearing. 


So broad was the scope of this expan- 
sion program, initiated in the light of 
the Bearing's demonstrated potentiali- 
ties in normal times and its acceptance 
by so many of the country's leading 


TORRINGTON NEEDLE 





REDUCTION IN WEIGHT 











and availability 
when needed are 







LN 
RN 


among the out- 
standing reasons 
for the use of 
». Needle Bearings 
in many aircraft 
f applications. A 

typical instance is its use on the cowl 
flap control rod of P-40 pursuit planes 
built by Curtiss-Wright Corporation. 


CURTISS — WRIGHT 
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engineers, that it has proved sufficiently 
flexible to care for the abnormal require- 
ments of the present. 

Manufacturers of aircraft, automotive 


equipment, textile machinery, farm im- 


THE TORRINGTON COMPANY 


TORRINGTON, CONN., U. S. A. © Estab. 1866 
Makers of Needle and Ball Bearings 


New York Boston Philadelphia Detroit 
Cleveland Chicago Los Angeles Seattle 
San Francisco Toronto London, England 


COMPLETE 





RELIABILITY 


" is essential in such 
= materials handling 
|| equipment as the 


s Towmotor Lift 
e — 

fò) Y Truck, which is sub- 
بحاص‎ | ; 

|= Æ| jected to severe ser- 


A fL. vice and heavy loads. 
Y HY 


reliable bearing performance by using 


Towmotor assures 


Needle Bearings on steering axle and 
hydraulic lifting cylinder crosshead. 


TOWMOTOR LIFT TRUCK 





plements, electrical apparatus, and many other products 
have put the Needle Bearing to work in thousands of ap- 
plications, because of such conspicuous features as low 
cost, small size, high capacity, ease of installation, efficient 
lubrication. And today the Needle Bearing has a new and 
even more important appeal—its ready availability to the 
makers of defense equipment and machines. 

You can avoid delays by incorporating the Needle 
Bearing in your designs mow—and you can profit as well 
by its adaptability to the solution of a wide range of bear- 
ing problems. Torrington engineers will be glad to 


work with you in incorporating the 
advantages of the Needle Bearing in 
your product. For full details on this 
unusual bearing, write for Catalog 


No. 108. 


BEARING 


HIGH CAPACITY IN SMALL SPACE 


É : is obtained by the 
£ use 

>= | Needle Bearings on 
= the rocker shaft of 
YT Class 2600 Gover- 
nors built by The 


Pickering Governor 


of Torrington 





Company. Compact-‏ ت 
ness of the Needle Bearing contributes‏ 
to simplification in product design‏ 
and to accurate governor operation.‏ 
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STEPLESS SPEED ADJUSTMENT 
In Both Directions 


Provides smooth stepless output speed adjustment 
from maximum to minimum in both directions when 
driven by a constant speed non-reversing prime mover. 


SMOOTH START AND STOP 





This unit consists essentially of a Vickers Variable 
Delivery Multiple Piston Type Pump operating a 
Vickers Variable Displacement Multiple Piston Type 
Fluid Motor. Acceleration, deceleration and reversal 
are inherently smooth. 


SIZES 2 TO 500 H.P. 





A wide range of standard pump and fluid motor sizes 
are combined to provide an infinite variety of operating 
ranges for units of 2 to 300 h.p. Upon receipt of in- 
formation regarding your particular speed control and 
power requirements, we shall be glad to submit 
recommmendations and detailed performance data. 


1454 OAKMAN BLYD. * 














ICKERS 
Hydraulic 


VARIABLE SPEED 
TRANSMISSION 
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ACCURATE AND 
SHOCKLESS CONTROL 


Speed and torque control is more accurate and more 
flexible. Various types of manual and automatic 
control (hydraulic, electrical or mechanical) arrange- 
ments are available. The unit can be stalled repeatedly 
without damage, being protected automatically with 
pressure overload relief devices. 


HIGH EFFICIENCY 


AND ECONOMY 


Operating at exceptionally high efficiency at high 
pressures, the unit provides a flexible and economical 
installation. Driven by direct connected 1200 r.p.m. 
motor or other convenient prime mover. 


SELF-CONTAINED AND 


SELF-LUBRICATED 


The Vickers Hydraulic Variable Speed Transmission is 
entirely self-contained and self-lubricated by the oil 
which is the power transmitting medium. It is com- 
pact and there are no éxposed working parts. 
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GEORGE F. NORDENHOLT, Editor 


To Hasten The Day of Victory 


THE WAVE OF RIGHTEOUS ANGER and indignation that 
swept throughout the United States on Sunday, December 
7, established a united determination to crush Japan and 
wipe out her militaristic power. All patriotic American 
citizens know that this must be done and we have the 
fullest confidence that it will be done. But if we under- 
estimate the power of our foe and fail to put forth at 
once a supreme effort, the eventual sacrifices necessary to 
win will be staggering. Only by immediate full action on 
the part of all can we hasten the day of victory. 


The Japanese are a sacrificing people. They willingly 
endure hardship and deprivation and practice economy to 
a degree that is unmatched. Japanese scientists and engi- 
neers rank high. They have concentrated their efforts on 
the most effective and most efficient use of the limited 
materials they have available. One might say that in 
Japan they put to good use all of the 32,000 ounces in a 
ton of steel. In contrast, we are wasteful and extravagant. 


Truly this is a war wherein the science and industry of 
the United States and its allies are pitted against that of 
the Axis gangsters. Materially we have a tremendous 
potential power. But the full force of that power cannot 
be brought into being unless we willingly work and 
sacrifice to excel Japan in the efficiency with which we 
use materials. 


Many ways and means can be applied to make more 
with less material. In many instances, materials that are 
less scarce can be used. Other possibilities include simpli- 
fication of the design so as to require less material, design 


of fewer models, more standardization and the use of 
reclaimed materials. The effectiveness with which methods 
of materials saving are applied depend largely, almost 
entirely, on the ingenuity of our design engineers and 
the vigor with which they apply their abilities. All pos- 
sible speed will be necessary. 


In the field of design of consumer products, many of 
the past standards will have to be discarded. Many prod- 
ucts will have to be designed for a shorter life expectancy. 
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Many “sales features,” “extras” and operating conveni- 
ences will have to be done away with for the time being. 
Frankly, “inferior” design will have to be acceptable, by 


force of circumstances. 


In addition to the “material economy” put into the 
design by the design engineer, economies will have to be 
made in manufacturing. Scrap reclamation and the recla- 
mation of defectively made parts offer great possibilities. 
Here again the design engineer can be of great help. 
Fewer different metals and alloys means less work to 
reclaim the scrap. Also, by the shrewd design of parts 
that are difficult to make, the job of salvaging defective 
parts might be made more feasible. 


This is now America’s number one job, a job that is 
largely up to the design engineers to do. PRODUCT ENGI- 
NEERING’S contribution to this all-out effort will include 
data, information, suggestions and reports in directly 
usable form that will help to solve the engineering design 
problems we face and must solve to hasten the day of 
complete victory. 
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O SELECT the proper spring 
steel for a specific application 
the design engineer should have 
a working knowledge of steel manufac- 
ture, of wire manufacture, and of the 
effects of alloying elements found in 
spring steels. He should have at his 
fingertips up-to-date data on composi- 
tions, tensile strengths, tolerances, costs, 
and applications. It is the purpose of 
this two-part article to present these 
comparisons and up-to-date data on the 
principal spring steels so that the prod- 
uct engineer can readily refer to them. 
Spring steels are somewhat similar to 


N 


SPRING STEELS — | 


Data Required for Selection 


H. CARLSON 
Lee Spring Company, Inc. 


ordinary steels except that much 
greater care and more operations are 
required to produce them and higher 
carbon and manganese contents are 
used. As a comparison of carbon con- 
tent for illustrative purposes, the range 
used in S.A.E. 1020 machine-steel in 
general use for shafts, bars, rods and 
structural shapes, is 0.15 to 0.25 per- 
cent whereas the range for S.A.E. 
X1065 standard oil-tempered spring 
steel is 0.60 te 0.75 percent—an average 
of three to four times as much carbon. 
The effect of each alloying element is 
discussed in the following paragraphs. 
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CARBON. An increase of carbon, up to 
1.20 percent, raises the tensile strength, 
elastic limit and hardness, but decreases 
the ductility, toughness and shock re 
sistance. Closely controlled ranges are 
required for each type of steel. 


e ~ "^ ~ ~~ As ~ AR 65 


MANGANESE. This element, within def: 
nitely prescribed limits varying with 
each type of steel, adds to the tensile 
strength and reduces the distortion and 
dimensional changes occurring during 
heat treatment. 


imde P be = Im 


SILICON. Most spring steels contain 
from 0.10 to 0.30 percent, but addi 
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tions of silicon to ordinary high carbon 
steel in ranges from 1.80 to 2.20 per- 
cent raises the tensile strength without 
sacrificing ductility or toughness. The 
resultant alloy is called silicon-man- 
ganese steel (manganese from 0.60 to 
0.90 percent) and is described more 
fully later in this article. 


CHROMIUM. Slight additions of chrom- 
ium, usually in quantities from 0.80 to 
1.10 percent, increase tensile strength, 
hardness and toughness, reduce the 
necessity of having high carbon con- 
tents, increase resistance of steel to 
attack by acids and alkalies and in- 
crease its ability to withstand elevated 
temperatures. Stainless steels derive 
their resistance to corrosion by con- 
taining from 12.00 to 20.00 percent 
chromium. 


VANADIUM. The addition of vanadium 


-in small quantities from 0.15 to 0.25 


percent raises the tensile strength, elas- 
tic limit and toughness and increases 
the ability of the alloy steel to resist 
impact shock and alternating stresses. 


PHOSPHORUS AND SULPHUR. These are 
the two most undesirable elements in 
spring steel. They reduce the strength, 
ductility and shock resistance and in- 
crease the brittleness. The maximum 
amount of either element permissible 
in any spring steel is 0.055 percent; 
much smaller quantities are preferred. 
The actual amount of either one found 
in most compositions is less than one- 
half of 0.055 percent. 


Specifying a spring steel with the 
most suitable combination of these ele- 
ments for each particular spring appli- 
cation is of utmost importance to ob- 
tain the best spring. On the other hand, 
the specifying of special compositions 
having only slight differences from a 
recognized standard chemical composi- 
tion considerably increases the cost of 
the material and frequently makes it 
impossible to obtain the springs within 
a reasonable period of time. In the 
great majority of cases, a standard 
composition would satisfy the most ex- 
acting requirements. Later in this ar- 
ticle a comparison of several approved 
chemical compositions is shown for 
each type of spring steel. In each case, 
one or two are recommended for gen- 
eral use. 


Basic and Acid Steel 


Manufacture 


In order to more fully understand 
spring steels, a general knowledge of 
methods of manufacture is required. 
Both basic and acid steels are made by 
the Bessemer, open-hearth or electric- 
furnace processes as follows: 

Basic steel is made from iron contain- 
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ing a high percentage of phosphorus 
by adding limestone or other basic ma- 
terials to absorb the acid phosphorus. 
The furnace is protected by a lining 
of basic materials such as magnesite or 
burned dolomite. This method pro- 
duces steel of low phosphorus content 
from iron containing large percentages 
of this ubiquitous element. For some 
types of steel, such as hard-drawn 
spring steel, this method is used ex- 
clusively. 

Acid steel is made from iron con- 
taining small percentages of phosphorus 
and sulphur by omitting the limestone 
customarily used in making basic steel, 
thus making the slag acid in character. 
The furnace is lined with silica sand 
which is also acid in nature. Music 
wire is always made from acid steel. 
An advantage of acid steel over basic 
steel is that the composition and nature 
of the slag is more easily controlled, 
thereby producing a more uniform qual- 
ity of steel consistently over a long 
period of time. 

Nearly all spring steels, except hard- 
drawn spring steel and music wire, may 
be made satisfactorily by either the 
basic or acid method. It has been noted, 
however, that at certain periods, the 
basic steels are more uniform and of 
better quality than the acid steels, and 
at other times the reverse is true. For 
this reason, it is best for manufactur- 
ing companies to widen their steel 
specifications to accept either basic or 
acid steels and allow the spring manu- 
facturing companies to make the final 
selection. 


Wire Manufacture 


*Hard-Process" is a name given to a 
method of producing wire, whereby 
steel rods of fairly high hardness have 
their tensile strength and hardness in- 
creased by the cold work done on them 
in the process of reducing them to de- 
sired diameters by being cold drawn 
through hardened steel dies. A num- 
ber of passes through dies gradually 
smaller in diameter produces wire to 
the desired size with very high tensile 
strengths. “Patented” hard drawn wire 
and music wire are drawn first through 
molten lead baths to give them a thor- 
ough high heat anneal above the critical 
temperature called a “patenting heat.” 
They are then drawn through lower 
temperature lead baths to harden the 
wire preparatory to the cold drawing 
operation. 

“Soft-Process” is a name given to a 
method of producing wire, whereby an- 


nealed steel rods are cold drawn 
through gradually smaller diameter 
dies with frequent anneals between 


passes until the desired diameter is 
reached; the wire is then hardened and 





tempered by the continuous method of 
heat treatment. In this final heat-treat- 
ment, the wire is drawn through molten 
lead baths at a temperature above the 
critical range and immediately 
quenched in either another lead bath 
hardly molten or in oil to harden the 
wire. The wire is then drawn through 
a third lead bath to draw the temper 
of the wire to the desired hardness. Oil- 
tempered carbon steel wire and oil- 
tempered chromium-vanadium wire are 
made by this method. 

"Untempered" steel wire is made by 
the same method except that the hard- 
ening, quenching and temper-drawing 
heat-treatment is omitted. This type of 
wire leaves the last wire drawing die 
in a semi-hard condition which, for pur- 
poses of illustration, may be said to be 
half-way between a tempered wire and 
an annealed wire. Springs made from 
this wire are hardened and tempered by 
heat-treatment after coiling. 

*Annealed" steel wire is also made 
by this same method except that as the 
untempered wire leaves the last draw- 
ing die it is given a subsequent anneal. 
Springs made from annealed wire are, 
of course, also hardened and tempered 
by heat-treatment after forming. 


High Strength Springs 


The ultimate aim in all spring design 
and manufacture is the production of 
springs with high tensile strengths, 
toughness and long fatigue life. Of the 
several means for attaining this end, 
four are of vital importance: 

1. Added carbon content. Additional 
amounts, within reasonable limits, raise 
the tensile strength and hardness. 

2. Alloying. Adding chromium, va- 
nadium and other elements accom- 
plishes certain features previously de- 
scribed. 

3. Cold work. Cold working the 
wire, especially by drawing it through 
dies or by shot-blasting, considerably 
increases the properties desired on cer- 
tain types of steel. 

4. Heat-treatment. Correct heat-treat- 
ment, both during the wire manufactur- 
ing process and after the springs are 
made, is of vital importance. 

Many claims of the importance of one 
of these methods over all others are 
frequently flouted, but the truth of the 
matter is that each one is important 
in itself and the best steels are pro- 
duced by combining two or more of 
these methods. Springs made from the 
best steel obtainable will have a short 
fatigue life and prove unsatisfactory if 
improperly heat-treated, but even the 
best heat-treatment cannot materially 
improve defective wire. 

In the description of the standard 
steels frequently used for springs, the 
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Fig. 1—Minimum tensile strengths of spring steels. All curves are plotted from minimum values shown in the tensile strength tables 


Table I—Summary of Chemical Compositions and Applications of Standard Spring Steels 








Chemical Composition 


Safe Working 





























Stress 
Modulus of 
Type of Steel Rockwell Elasticity Application 
Car- |Mang-| Phos-| Sili- | Sul- Hardness E — Tension 
n | anese |phorus} con | phur G — Torsion 
(per- | (per- | (per- | (per- | (per- ien Lom. 
cent) cent) | cent) | cent) Service | sq. in 
S.A.E. | 0.45 0.040| 0.15 | 0.050|Light 60,000 For springs with relatively 
-— 1350 to Max to Max. E = 28,500,000 low stresses and having 
ard- 0.55 0.30 ey large tolerances on all dim- 
Drawn —__ | |_| iA erage | 50,000 ensions and loads such as 
Spring | S.A.E. | 0.55 0.040} 0.15 | 0.050 G = 11,400,000 upholstery, bed and cushion 
Wire 1360 to Max to | Max. |Severe 40,000 springs. Use S.A.E. 1350 
0.70 0.30 for wire dia. up to 0.100 in. 
Special | 0.80 0.025| 0.15 | 0.025|Light 100,000] C 42 ۱] = 30,000,000 For all small springs of any 
M No. 1 to Max to Max. to real — including 
Music 0.90 0.25 — e C46 |G = 12,000,000 springs for general machin- 
Wire - - - Average | 85,000 For wire up to 0.100 in. dia.Jery, motors, etc. and die 
Special | 0.85 0.025| 0.15 | 0.025 dia. over = 11,750,000 springs. Standard wire 
No. 2 to Max to Max. |Severe 70,000] 0.100 in. over 0.100 in. dia.|diameters up to 1/8 in. and 
0.95 0.30 special sizes up to 5/16 in. 
Oil-Tempered Light 75,000] C 42 to For all general springs with 
High Carbon 0.60 0.040 0.055 C 46 ۱] = 28,500,000 wire diameters from 1/32 
Spring Steel to Max Max. [Average | 65,000|Decreases up to 1/2 in. Also obtain- 
S.A.E. 0.75 with |G = 11,200,000 able annealed. This is the 
X1065 Severe 50, 000| larger most popular wire above 
sizes 1/8 in. dia. 
Chromium- For special springs sub- 
Vanadium 0.45 0.040] 0.15 | 0.050|Light 80,000} C42 |E = 30,000,000 jected to impact or shock 
Oil-Tempered to Max.| to | Max. to loads such as motor valve 
or 0.55 0.30 Average | 70,000} C 50 {G = 11,200,000 springs and die springs with 
Annealed wire diameters from 1/32 
S.A.E. Chromium —0.80-1.10, ۵6 55,000 up to 1/2 in. 
6150 Vanadium—0.18% 
Silicon- To be used as a substitute 
Manganese 0.55 | 0.60 | 0.040] 1.80 | 0.050|Light 75,000) C42 |E = 29,000,000 for chromium-vanadium. 
Annealed to to Max. to Max. — 65.000 to Recommended in large wire 
S.A.E. 0.65 | 0.90 2.2 gm qms C 46 |G = 10,750,000 diameters above 3/8 in. 
9260 Severe | 50,000 only and for flat leaf 


eliptical springs. 
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information most generally required by 
spring designers is stressed and all data 
not pertinent to spring design is 
omitted. All of the A.S.T.M. specifica- 
tions described in this article became 
standard without revision late in 1941 
and can be found listed under the same 
numbers as 1939 Tentative Standards 
in existing A.S.T.M. publications, or as 
standards in the new 1941 supplement. 


Safe Working Stress 


Table I of physical properties and 
chemical compositions shows a recom- 
mended “safe working stress” for each 
material. Values of this nature are vari- 
able and depend upon such qualifica- 
tions as type of springs, atmosphere, 
temperature, ratio of outside diameter 
to wire diameter, rapidity and regu- 
larity of deflections, shock loads, wire 
size and stress range. The values listed 
are for compression and extension 
springs not subjected to high tempera- 
tures, shock loads, etc. Three values 
are shown for each material, based 
upon light, average or severe service 
and these values have proved them- 
selves effective over a long period of 
service for normal spring applications. 
For wire sizes, under 0.045 in. dia., 
the values may be increased 10 percent; 
for torsion springs or flat cantilever 
springs, increased 25 percent; but for 
suddenly applied loads, all stresses 
should be reduced 50 percent. These 
stress values also include allowances for 
curvature correction factors. Therefore, 
the stress in the spring due to the load 
(or caused by deflection) multiplied 
by the curvature correction factor based 
upon the spring index, should not ex- 
ceed the values listed. 


Hard-Drawn Steel Spring Wire 


Hard-drawn steel spring wire is a 
fairly good quality, medium carbon 
steel, obtainable in sizes up to 1% in. 
dia. It has the lowest amount of carbon 
of any straight-carbon spring steel and 
is the least expensive grade of steel 
wire suitable for spring use. Its color 
is a mixture of gray and dusty black 
having little lustre. 


MANUFACTURE, This wire is a basic, 
open-hearth, domestic steel. It receives 
its hardness and tensile strength by 
cold drawing through hardened steel 
dies, and is not used for springs in the 
annealed condition. 


APPLICATION. Hard-drawn steel spring 
wire was developed primarily for au- 
tomobile cushion and seat springs and 
for general upholstery and bed springs. 
It is recommended for those applica- 
tions and for all types of coiled springs 
having low stresses and where accuracy 
of wire and spring diameters need not 
be too closely held. It is frequently 
used also for wire tubing. It may be 
obtained readily in many gage sizes 
from 0.060 in. to 0.1875 in. dia., in 
special sizes from 0.190 in. to !5 in. 
dia., and in square sizes on special 
order. 


CHEMICAL COMPOSITION. There are sev- 
eral specifications for hard-drawn steel 
spring wire. No one specification should 
be used for all wire sizes in as much 
as it is desirable to increase the carbon 
content in the larger wire diameters 
so that more uniform values of hard- 
ness and tensile strengths may be ob- 
tained. The most popular specifications, 
as shown in Table II, are S.A.E. 1350 
and S.A.E. 1360 spring steels. 


Table II—Compositions of Hard-Drawn Steel Wire 

















S.A.E. 1350 
0.025 to 0.100 
in. Dia. 


Composition 





Carbon...... 


S.A.E. 1360 
Over 0.100 
in. Dia. 


S.A.E. X1055 A.S.T.M. 
All Dia. A227-41 










0.45-0.55% 0.55-0.70% 0.50-0.60% 0.45-0.75% 
Manganese.. . 0. 90-1. 207; 0.90-1.20% 0.90-1.20% 0.60-1.20% 
Silicon. .... 0.15-0.30% OES NA [D Ck see eva ve: 0.10-0.30% 
Phosphorus. . 0.040% max. 0.040% max. 0.040° max. 0.045% max. 
Sulphur. .... 0.050% max 0.050% max. 0.05595 max. 0.050% max. 









Nore: A.S.T.M. A227-41 is a general specification only and is flexible. 


Carbon ranges 


in spring steel specifications should not vary more than 10 points nor should manganese 
ranges vary more than 30 points. It may be seen, therefore, that in purchasing steel wire 
to this specification, it is necessary to state the exact ranges of both carbon and manganese 
contents desired; thus, wire may be obtained with the same composition as the S.A.E. 
steels listed. 





Table III—Physical Properties of Hard-Drawn Steel Wire 





Elastic Limit in Tension: % of Tensile Strength....................... 60 to 70% 
Elastic Limit in Torsion: % of Tensile Strength........................ 45 to 55% 
Modulus of Elasticity in Temion, rrr 28,500,000 
Modulus of Elasticity in Torsion, G....................... 11,400,000 
و ها‎ ni 0.284 Ib. 
BEENDEN کت‎ CREAR 5% 
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TENSILE STRENGTH varies with wire di- 
ameters. Sizes under 0.100 in. have 
higher tensiles than the larger sizes. 
Two tables are shown. Table IV (A) 
is an average made from actual test 
results on wire produced by several 
manufacturers; Table IV (B) is the 
requirement for A.S.T.M. A227-41. 


Table IV—Tensile Strength of 
Hard-Drawn Steel Wire 





(A) AVERAGE OF MANUFACTURERS 


Tensile Strength, 


Ib. per sq. in. 
Wire Dia. — 

- Min. Max. 
0.025 280,000 305,000 
0.050 240,000 265,000 
0.075 225,000 250,000 
0.100 200,000 225,000 
0.125 190,000 215,000 
0.1875 170,000 195,000 
0.250 160,000 185,000 
0.3125 150,000 175,000 
0.375 140,000 165,000 
0.4375 135,000 160,000 
0.500 130,000 155,000 





(B) A.S.T.M. A227-41 





0.028 260.000 310,000 
0.054 230,000 274,000 
0.072 215,000 260,000 
0.105 200,000 242,000 
0.120 195,000 231,000 
0.148 186,000 228,000 
0.177 180,000 220,000 
0.207 12,000 214,000 
0.250 167,000 208,000 
0.3125 160,000 200,000 
Over 0.3125 150,000 190,000 





Note: Steel wire purchased to A.S.T.M. 
A227-41 must have a tensile strength 
within the range listed in Table IV (Bj, 
but a single lot must not vary more than 
40,000 Ib. per sq. in. in sizes 0.072 in. and 
finer, nor more than 30,000 Ib. per sq. in. 
for sizes coarser than 0.072 in. Most 
manufacturers encounter no serious diffi- 
culties in keeping the range within a 
25,000 Ib. per sq. in. limitation and most 
commercial wire will meet the values 
shown in Table IV (A). 





ToLERANCES, on wire diameter or side 
of square are as follows: 


Hard-Drawn Wire Tolerances 


Wire Size Plus or Minus 


Up to 0.100 in......... 0.001 in. 
0.101 to 0.1875 in...... 0.0015 in. 
0.188 to 0.375 in....... 0.002 in. 


0.376 to 0.500 in....... 0.0025 in. 


Price. An average price in 1940, in 
quantities of 500 pounds, varied from 
4 cents to 6 cents per pound, depending 
upon the wire size. 

[Next music 


month—Data covering 


wire, oil-tempered, chromium-vanadium, 
and silicon-manganese steels. | 


Modern Desi 





When aluminum shortage 
struck, J. G. Brill Company was 
making urban buses and parlor 
coaches with aluminum bodies. 
If steel were substituted section 
for section, typical 37-passenger 
bus would weigh 6,000 Ib. more. 
Consequently, the Brill Com- 
pany began thorough redesign. 
Result now going into produc- 
tion: all-steel,  *stressed-skin" 
body construction with welded 
frame. Steel coach (37-passen- 
ger, air-conditioned) is 2,000 Ib. 
lighter than equivalent ۰ 


lb. aluminum coach. 


Reinforcin 
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Backing plate----°“ 
Floor support angle 


has teeth for grip 
on plywood floor 


Curved sheef--- 
adds stiffness 


Bottom side sill-.--- 


‚Cove corner 
/ 
Floor covering, 


Wafer head screws- 
2%e-5"on center fasten 
floor directly to girder 


O 
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Aluminum Eliminated. Bus Weight Is Reduced 


Details of body show how members 
of welded frame and steel skin “dissi- 
pated” stresses into all adjoining mem- 
bers. Posts and carlines are flared chan- 
nel sections which extend to center of 
roof where welded joint is made so that 
damages to one side can be repaired 
without disturbing other side. Door 
frames are reinforced top and bottom 
and have double-post piers at sides. 
Reason: interruption of stressed skin 
and belt necessitates reinforcement to 
help carry stresses being transferred 
around doors. 

Double belt is interrupted only at 


doors. Bottom side sill is curved steel 
section. Plywood floor is screwed to 
frame by  wafer-head,  self-tapping 


screws set about 3 in. apart. Weight of 

















n 


Roof / stiffener 


“Welded splice joint 


Roof stiffener 


Continuous post 
and carline 


, 
S" 
Reinforcement 
around door 


Body of Urban Bus 
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body was reduced in redesign to point 
where it was possible to use a 605-cu.in. 
Hall-Scott engine instead of former 707. 
cu.in. engine. Smaller clutch, transmis 
sion, axles, wheels and tires made fur. 
ther weight saving. 

In contrast to intercity coach shown 
opposite, urban bus (below) has door 
at front so passengers enter near oper. 
ator. By setting door behind front 
wheels in intercity coach, wheelbase is 
lengthened for better high-speed riding, 

Many body parts are continuous 
strips. Formerly these were extruded 
aluminum, but they have been replaced 
by steel draw-bench shapes spot-welded 


together, plastics, or other steel shapes. _ 


Numbers in circles indicate specific de. 
sign changes shown on pages 8 and 9 








Inside bumper 
box section 


Outside 'bumper 
spring sree 
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Skin sheets of steel body are 0.05 
in. thick; previous skin was aluminum 
0.078 in. thick. Thickness of steel is 
greater than required for strength, but 
is necessary to avoid wavy appearance 
of flat panels of thinner sheets. Interior 
panels not a part of the monocoque con- 
struction were formerly of aluminum. 
Aluminum sheets could easily be 
“bumped” into double curvatures. 
Fybr-Tech pressed wood has been sub- 
stituted in seat-foot parts, parcel racks, 
“modesty” shield in front of first seat; 
thin steel sheet in roof and side panels. 

Alternates now under consideration 
for internal panels are fabric-backed 
thermoplastic sheets which can easily 
be formed by heating; Fybr-Tech, Ma- 
sonite, and formed panels made from 
resin-impregnated sisal fibres. Principal 
requirement is smooth, flat surface and 
easy formability. 


Welded box and tube underírame 
eliminates rivets, gussets, braces and 
heavy spring brackets of previous frame. 
Main joints, except for one crossing, 
are formed as shown at right without 
interrupting box-girders or tubular 
crossings. Longitudinal members are 
interrupted only by frame in which en- 
gine is mounted. Longer or shorter bus 
frames are made by welding on longer 
or shorter longitudinal members ahead 
of the standard engine section. Frame 
shown is for intercity bus. 

Perforated sheet in front of gas tank 
is another example of weight-saving. 


Tube i= 
crossingsez^ 25,۱ [ 
i a s —— 
Air cond/fioning. ^ SP Qui = 
compressor `  ----4 IN: 
4-cyl. gasoline engíne--— og 


One of three floating 2-777 
mountings for engine 


, 
۰ ۰ D ۰ 1 
Air conditioning condenser 


INTERCITY BUS 
Adjustable seats 
ein anel ı5 
عو فم‎ ec for 
air conditoning 
b 


۱ 


uo 


door 


Parcel rack 


Carpet covering 
KALUE 


: Underseat b e Space 
(130cu.tt —— * bee) 


T composition floor covering 
Rear baggage compartment 





Consequently, in many such applications 
sheets are specified 0.05 in. thick, but 
are perforated so they have only 50 per- 
cent of original cross-section. Perfo- 
rated sheets are installed wherever a ¥ i) 
body panel must have both strength and sa D 
stiffness, but need not be solid. Be- 
cause appearance of perforated sheet is 
not unattractive, they may be used more 
in interior panels. Thin sheets now used 
in roof of air-conditioned bus are per- 
forated over entire area to distribute 
clean conditioned air from under-the- 
roof duct, and to deaden sound. 


(Continued on next page) 


/" box-girder 





Straight- line 
dri veshaft 


^ 


I65-hp. Hall-Scoff horizontal engine \ | 


s "A 
Engine frame section! 


Dual fans, short shaft, less hp. required” 


Box girder crossing 


Under-frame for 
Intercity Bus 
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Threaded spring shackles 


Jmken exle-———————— 


Steering gear mounted 
directly to under-frame. S 
instead of to bracket as in previous bus--- 


Longitudinal 














MODERN DESIGNS - Bus Weight Reduced (Continued) 


Alternates for Extruded Aluminum in Bus Bodies 


| Inside Window Sill 


Aluminum Sheet Steel 
Q.579 /b. perf? 0.604 /b. per ft 


0 Floor Binding — 
۸۵07-۷6 e 
4 


4 







| 
Notched for 
| bending 
| / ۱ 
pee B ttm - Stainless Steel 
(Polished) 
Aluminum 0.279 /b. per fi 
0.702 /b per ft. 


NOTE: Stiffer stee/ requires notching 
to bend around corners 


pe 
| 
| @ Frieze Molding 
n 
i 
| 
l 
—— 
Aluminum Sheet Steel 
0.403 Ib. per ft. 0.25 Ib. per f 


@ Drip Molding 


Aluminum Sheet Steel 
0.324 lb. per f 0.364 Ib. per f 


NOTE: Steel molding is difficult to bend 
by hand in assernbly 


©) Glass Molding 


Aluminum 


0.160 1b. per fè Extruded Plastic 


0.080 /b. per f? 





Aluminum 


0 162 /b. per 


D Belt Rail Assembly 


Stainless 
Steel insert 






\serews 


Aluminum 


1085 lb. per f 


@ Ceiling Light Housing 





MENT e 
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Aluminum 
1697 Ib. per ft: 


Seat Rail x 
Thick section $ 


_required for 
N self-faoping 





© Molding 
a 
Qi x 
۱ E 
۱ ione on * 


Extruded Plastic 
(Cellulose acetate) 
0.077 lb. per ft: 


Rubber, keeps 
۱ water out 










/ 
F -F Sa 
! Thie ni > 
/ / This piece / 
// may be; 
// redesigned 


۰ X P 
Inside s. x d 
sheet £ -Spot-welded 


Sheet Steel 
2.115 /b. per ft. 





Tm 7 Spot-welds 





Side panels 
-—inserted 
in here 


Rolled Steel 
ISS /b. per fF 














Light. inside Welded! 
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Alurminum 


1570 Ib. per f 


NOTE: Parta 


Aluminum 


0.57] [b per ft 





A | 
\ Plastic I-- “om 
Strip á i 










Sheet Steel 
L397 Ib. per ft 














Post Capping Plastic 






--—a 


Spot- 
“weld 

















Sheet Steel 
0.515 lb. per ft 







is same shape for Q) and 0 
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0 Drivers Seat Pedestal 


Aluminum Castings 








Welded Steel 
71.0 /b. 10. /b. 


(3 Seat Foot Pan 


Covered with 
composition 
n 


00727 
| 


Sheet Aluminum Fybr-Tech 
779 Ib. J38/ /b. 


lightly; shifting foot to pedal at right foot pump 


d 
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Alternates for Aluminum in Bus Bodies 


Hydraulie Vise Operated by Foot Valve Pump 


cH 

g Three-pedal, foot-operated pump applies holding pressure, and third Tubing is seamless steel. Pump and 

© of Studebaker Hydraulic Visepress at- pedal releases jaw. Jaw is spring-re- ram cylinders are honed and polished. 

tains holding pressure between jaws as turned, the hydraulic fluid being forced Spring-loaded, %¢-in. dia. steel ball 
high as 5 tons. Stepping on middle back through the pedal-opened ball check valves in spherical seats prevent 
pedal brings jaw up to grip work check valve into cylinders. Vise and loss of holding pressure. Ram is 


semi-steel castings. 


(2) Seat Supports 
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O 
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e» 
EM 


» ~_ Airfoil 
--2À b. "ew Section 
Alurninum Castings Sheet Stee! 
6.75 /b. 5.00 /b. 


(4) Head Lining 


HEP 


Steel 
Aluminum 15 — Fyubr-Tech 
0.715 Ib. per sq. ft sg.ft 0.26 /b. per sg. F2 





on center line of jaw for direct force. 
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Booster r Pedal 


Release Pedal 


Application Pedal 








MODERN DESIGNS - Plastics in Fighting Aircraft 





Macerated fabrie as filler for 
molded phenolic plastics gave high 
strength to this contro] quadrant for 
Martin bomber. Aluminum counterpart 
would weigh nearly 20 percent more. 


Cabin ventilator molded to intricate 
shape of phenolic compound, can be 
quickly adjusted to scoop in or exhaust 
air, or remain closed. Corrosion would 
be problem with other materials. 


Aerylie resin bomber nose section is 
designed to withstand airblasts at 400 
m.p.h., and supports machine gun. All 
three examples shown here were win- 
ners in the Modern Plastics contest. 


Welded Tank Enameled Inside and Out 


EU: mw, 
۰ ۱ t E , 


NS 


One-piece welded construction of 
hot water tanks porcelain-enameled in- 
side and out indicates possible use of 
porcelain enameled steel as alternate for 
stainless steel, copper, galvanized steel 
and other corrosion-resistant metals in 
similar applications. Development of 
this tank began in 1880, but had to wait 
until right steel, porcelain enamel tough 
enough to withstand pressure and corro- 
sion, and welding technique were per- 
fected. Steps in production at Porcelain 
Steels, Inc., are: roll Armco Ingot Iron 
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sheets into cylinder; flash-weld longi- 


tudinal seam in 18-ton automatic 
welder; grind seam smooth; punch, 


ream holes and extrude shell metal to 
form spud flanges; flash-weld spuds to 
flanges; pickle; dip in ground coat of 
porcelain enamel, brush ends and fire 
at 1,650 deg. F.; spray on finish coat of 
enamel, brush ends and fire at 1,650 
deg. F.; arc-weld porcelain enameled 
dished heads to tank; and inspect under 
pressure as shown above. Base coat of 
enamel has good bond to etched metal. 


or 


Glass fibre ape 
| fuses with porcelain 
| enamel 


Spud flash“ 
we/ded to 
flange 


Tank shell has 
flash-welded 
۱ longitudinal seam-—- 


۹٩1 ۰ ۱۹۹۹۹۹‏ 1 دپ« 








Uninterrupted porcelain coating 
across welded joint at heads is achieved 
by placing 2-in. wide strip of glass fibre 
between tank and head before welding. 
Heat of welding fuses glass and porce 
lain inside tank. Edges of tank and 
heads are brushed after enameling coat- 
ing to give clean metal surfaces for 
welding. Flash welding of longitudinal 
seam (before enameling) takes 10 sec., 
burns off 34 to 5% in. of metal, results 
in seam as strong as parent metal. 
Tanks for pressures ranging from 250 
to 400 lb. per sq. in. are made from 
sheet metal ranging from 3 to 14 gage. 
Cost is less than for copper tank. 
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Interlocked Controls Reduce Explosion Hazard 


Hydraulic interloek: between 6-sta- 
tion indexing unit and dual rams, and 
welded steel circular barricade give 
two-way protection against premature 
explosions in this Denison HydrOilic 
powder-consolidating press. Dual rams 
cannot move down until indexing table 
is locked in position, nor can indexing 
occur until rams have moved up. 
Presses, in 5 and 15-ton sizes for han- 
dling shell from 20 mm. to 60 mm., 
turn out 30 to 40 shells per min. 
Control is through interlock within 










Shipper rod 


Safety remote 
control of 
relief valve 


Index 
table. 
barricade 


Design problem for large surface 
plate (96 in. dia.) was to equalize cast- 
ing stresses and at same time obtain 
permanent trueness after turning and 
grinding. Size prohibited normalizing 
so plate was finished in as-cast condi- 
tion. Ribs on bottom were spaced so 
that they are nearly uniform in length. 
Top is comparatively thin for good pro- 
portion between cross-sections of ribs 
and top. Plate was cast of type GA 
Meehanite and weighs about 6,700 lb. 
Machining sequence was: face off sup- 
ports; turn outer edge; turn plate over 
and rough-turn top surface; finish-turn 
top surface. Surface was checked after 
machining and was found to be holding 
true and accurate. Supported on one 
central and six peripheral supports rest- 
ing on concrete piers, it has maintained 
accuracy for more than a year in service. 
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Cycle contro/ 
valve 


ram cylinders. Hydraulic dual cylin- 
ders rapid-traverse down to any position 
determined by shipper rod adjustment, 
then slowly descend until they touch 
powder in' shell. Hydraulic circuit 
equalizes pressure of rams as they 
apply pre-determined pressure, some- 
t:.mes with 2 to 6-sec. dwell, to the two 
shells. Both rams rapid-reverse after 
pressure is applied. When rams are 
fuily raised, interlock pulls index table 
lock, table cylinder indexes table 
through gears, table is locked, and 


Ram | 
barricade 


Rar fool 


cylinders repeat cycle. Four-way control 
valve is cam-operated for positive auto- 
matic cycling. Valve and interlock are 
not affected by foreign matter in oil. 

Three manual valves permit indexing 
the table during tool set-up, but table 
will not index unless rams are locked 
in up position. Similarly, rams may be 
“inched” if table is locked in position. 
When shell is improperly placed in 
holder, shell contacts a safety valve 
which unloads a master relief-valve to 
halt press operation. 







Shell hésder 
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MODERN DESIGNS - Lubricator Mounted on Wheel Head | 


Moving wheel head unit of high- 
powered precision grinder has 
eight-surface ways for vertical 
and wheel slide assembly, which 
together with tapered gibs, hori- 
zontal ways, and bearings in feed 
drive, call for lubrication of 13 
bearing surfaces in the wheel- 
head unit. Engineers of Mattison 
Machine Works meet this lubri- 
cating problem with a one-shot 
system that rides with the head. 


Pump and reservoir unit, with fil- 
ter, is mounted on back of wheel head 
unit as shown. When pump lever is 
cocked, metered oil is fed through tube 
to distribution block mounted inside 
wheel head. Seven branch lines carry 
oil to Bijur meter units which feed oil 
directly to bearing surfaces. Vertical 
ways have zig-zag oil grooves for dis- 
tributing oil over entire surface. Phan- 
tom view at right shows lubricating 
circuit, lubricator, and distributor. 


Oil is distributed through neat ar- 












J - i 
I» f. 


Vertical 
Ways — 


accord d 


LAS 


Motor and gringina 

wheel move horizontally 

across fable 
A — 


provide support for tube in most cases; 
in other cases small clips screwed to 
wheel head casting support the tubes. 





Adjustable gibs 


Distributor mounted 
inside head 





















Note how copper tubes, in view at right 
above, are bent around outside of wheel- 
head to fittings on tapered gibs. 





rangement of junction fittings and 
tubing inside wheel head. Fittings 
PORTABLE HYDRAULIC TEST UNIT for 


testing aircraft hydraulic systems is 
about the size and shape of a spinet 
piano. Cabinet, mounted on casters, is 
a plywood-covered unit with frame 
welded of angle iron. Top of cabinet 
contains sloping instrument and valve 
panel, and stainless steel sink. 
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SYNTHETIC RUBBER is being groomed to 
replace natural rubber in feed rolls for 
typewriters as soon as the present short- 
age of synthetic is relieved. Natural 
rubber, exposed to stencil wax, fatty 
acids and oils of ribbon inks and carbon 
paper compounds, sometimes swells and 
softens, causing smudge marks. 


At ARMY’S INSTIGATION, aluminum cases 
for Army radios are now made of sheet 
steel. For corrosion-resistance, steel is 
copper plated, assembled by welding 
and riveting, copper plated a second 
time to protect joints, and finished with 
zinc chromate primer and regulation 
Signal Corps enamel finish. 


Propuct ENGINEERING 





ay 


be" 


= EE 


ow EE eng t 


lo: 


D 


De 


Exa 
alon 
in I 
P o 


of s 
Ax t 


Jan 










m 


oy 
M 
19 
19 
E! 
A 


3 
3 
a 


IFFERENCE CALCULUS is an 
approximate method of integra- 
tion that may be used with a 
surprising degree of accuracy when 
strictly mathematical methods would be 
impossible or too cumbersome. The 
principle is not new, being used in 
photoelectric work, vibration studies 


; and a variety of other ways. It is a 
g powerful tool which may be used wher- 


T ever an integration is involved, particu- 
T larly if the functions do not have con- 
= stant mathematical relations with each 
23 other. Once the general method of at- 
tack has been determined for a given 
type of problem, it may be used for 
all problems of this type, regardless of 
the manner in which the functions vary. 

The method is based on the principle 
that the value of an integral at any point 
is equal to the summation of the small 
values of the integral up to that point, 
or, if we know the value of an integral 
or function at one point, we can find its 
value at another point by adding alge- 
braically to the known value the differ- 
ence in values between the two points. 

To illustrate its application to a par- 
ticular case, consider the determination 
of the deflection curve of beams having 
non-uniform cross-sections. This is done 
for a cantilever beam with a concen- 
trated load at and for a simply sup- 
ported shaft having two concentrated 
loads and including the deflection due 
to its own weight. 

The symbols and their units are: 











b=width of beam at point x, in. 
d=shaft diameter at point x, in. 
E=modulus of elasticity, lb. per sq. in. 
J=moment of inertia, (in.) 
M=bending moment of beam, in. ۰ 
p—load on beam or section, lb. 
t—depth of beam at point x, in. 
V=shear on beam at point x, lb. 
x—distance measured along beam to 
any section, in. 
Ax=length of section assumed for in- 
tegrating, in. 
y=deflection at point x, in. 









right 
heel- 







Deflections of Cantilever Beam 


Exampte I. To find the deflections 
along the steel cantilever beam shown 
in Fig. 1 due to the concentrated load 
P of 2,000 1b., neglecting beam weight. 

The beam is divided into a number 
of sections of length Ax. The value of 
Ax to be assumed depends upon the ac- 
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DIFFERENCE CALCULUS 


Simplifies Computation of Shaft Deflections 


A. H. CHURCH 
New York University, College of Engineering 


curacy desired. In this case it is taken 
as constant and equal to 2 in. and the 
distance x is measured from the load to 
the section considered. 

Applying the principle of difference 
calculus to the well known deflection 
equations, the following equations are 
developed: 








dy M _ Pr 
dz BI EI 
d y P 5 = i 
eco r^r — slope of elastic curve 
y= P ZA پوت گ‎ 
— pet 
oi 2 
= Y EAr he 2rAz 
| 1 A 1 
= — 2 22 bE 2 


The most convenient method of solv- 
ing the last equation is by means of a 
table, such as Table I, which may be 
set up and filled in. The values of b 


and ¢ at the midpoints of the sections 
are scaled from the drawing, if neces- 
sary, and listed in columns 2 and 4. 
The values of xAx are found by multi- 
plying Ax, 2 in., by the values of x at 
the midpoints, and these are integrated 
in column 6 by starting at the fixed end 
(x—20), as the slope here is zero, and 





Fig. 1—Deflections of this cantilever 
beam due to a concentrated load are 
easily determined by difference calculus 


Table I — Solution for Beam Deflections 





AX, 
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Solution for Shaft Deflections 


Table II 
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adding up the successive values of xAx. 
The values of xAx at the midpoints oí 
the sections are found by averaging the 
values at the ends of the sections, and 
are placed in column 7. 

It would be more exact to plot a 
curve of column 6 against x and read 
off mean ordinates for column 7, but 
if Ax is made reasonably small this re- 
finement is unnecessary. Values in col. 
umn 8 are found by multiplying those in 
column 7 by Ax, 2 in., and dividing by 
the values of b and ¢° of columns 3 and 
4. These are summed up as before, 
starting at the fixed end (x—20) as the 
deflection there is zero. Multiplying 
these values by the constant 12 P/E 
which is 0.0008 for E — 30,000,000, gives 
the actual deflection in inches at points 
along the beam. These may be plotted 
to obtain intermediate values. 

It is not necessary that all the Ax 
sections be the same length, although 
it is usually more convenient to make 
them so. It should be noted that the 
method can be used just as easily if the 
surfaces of the beam are irregularly 
curved rather than plane. 


Deflections of Shaft 


ExaAMPLE II. To find the deflections 
along a simply supported steel shaft 
due to its own weight and two con- 
centrated loads as shown in Fig. 2. 
This problem is more general than 
the previous one since the shear is not 
constant along the beam, and the point 
of zero slope is not obvious. The dis. 
tance x may be measured from either 
support, In this example it is taken as 
the distance from the right support R. 
Again applying the principle of dif. 
ference calculus to the deflection equa- 
tions, the following equations result: 





dy Vv 
dz? EI 
dy 1 
“î = pr Ve 
T. : Siss ZVAz=slope of 1 
I E I elastic curve 
سک و ویو وگ ی‎ 
y= E 2, ۸۵۶ 22 ۶ 7 2 ۷ ۶ 
E oda 64 
حصت. ۵2 ۵22 سس‎ ۷ 2 
و ون وگ هد‎ BV Ae 
T di 


It may be noted that in setting up the 
equations, any terms which remain 
constant throughout, such as E or nu 
merical constants, can be grouped te 
gether outside the first summation sign. 
The variable terms involved in the mo 
ment of inertia should be introduced 
after the bending moment, or the vari 
able terms involving the moment, have 
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been summed up, as the moment of 
inertia has no effect on the bending 
moment but does affect the slope and 
deflections. 

The shaft is divided into a number 
of sections as before. The lengths in 
this case are not all the same, since the 
position of the loads and shaft dimen- 
sions do not permit it without using an 
excessive number of sections, In Table 
3 II, the values of d at the mid-sections 
۲ are listed in column 2, the weight of the 

sections are calculated and entered in 
column 3 along with the magnitudes of 
the concentrated loads. 

The reactions at the supports or 
bearings are determined by the prin- 
ciples of mechanics and the values in 
column 3 successively subtracted, giv- 
ing the shear V at the ends of the sec- 
tions in column 4. These are averaged 

t in column 5 to get mean shear over 
t each section. These are multiplied by 
Ax in column 6 and summed up in 
column 7, starting from the right end, 
although they could be summed from 
1 the left end just as well, and giving 
f. the values of bending moment M along 

the beam. The end values for each sec- 

tion are averaged in column 8 to get 

the bending moment at midpoints. 

Dividing the M by d* (column 10) and 

multiplying by Ax (column 11) gives a 

function of the ordinates of the M/I 

diagram. 


Fat Es exe 


1 Slope Deviation Method 

m It has been demonstrated, as in Seely’s 
“Resistance of Materials,” page 294, 
that “the difference in the slopes of the 
elastic curve at any two points is equal 
in magnitude to the area of the M/EI 
diagram between the two points.” Since 
in this example the position of the zero 
slope is unknown, the values of slope 
cannot be obtained directly. If the 
values of column 11 are summed up 
starting at either end (in this example 
the right end), a function of the slope 
at any point will be obtained since the 
areas under the M/EI diagram or its 
equivalent are successively added. In 
other words, it is assumed that the 
slope at the reaction R is zero. This, of 
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Fig. 2—The difference calculus method of finding deflections along this shaft is described in detail 


course, is not true, but will be corrected 
later. The end values of each section 
are averaged in column 13 to get the 
function of the slope at the midpoints. 

It was shown further “the distance 
of any point A on the elastic curve, 
measured normal to the original posi- 
tion of the beam, from a tangent to the 
elastic curve at any other point B, is 
equal in magnitude to the moment of 
the area of the M/EI diagram between 
the two points about an area through 
A." Hence, if the values of column 13 
are multiplied by Ax as in column 14 
and summed up again for column 15, 
starting from the same end as before 
where the slope was assumed to be 
zero, successive functions of the mo- 
ment of the areas of the M/EI diagram 
about the support R will be obtained. 
These functions are a measure in Fig. 3 
of the distance a from a tangent to 
the elastic curve at R, to the elastic 
curve at the various points. 

The line between the bearing centers 
is found by joining the end points of 
column 15 (T and R) with a straight 
line. The amounts for various values of 
x may be found mathematically by pro- 


portion (column 16) and are shown by 
the distance m in Fig. 3. A measure of 
the actual deflection y at any point is 
obtained by subtracting a from m in 
column 17. To get the actual deflection 
in inches, the values in column 17 are 
multiplied by the constant 64/z E, which 
equals 0.678 (10) when E = 30,000,- 
000. These are listed in column 18, and 
may be plotted to obtain intermediate 
values. 

This method follows closely the 
graphical deflection method for a step 
shaft and any confusion in handling it 
may be cleared up by referring to that 
procedure. The method may be used 
for any type of beam or loading and 
gives quick accurate results. 

As previously stated, the difference 
calculus method may be used whenever 
an integration is involved. It is im- 
possible to give rules which will cover 
all types of problems but the general 
procedure is the same as outlined in the 
above cases. After the general method 
of attack has been determined for a 
given type of problem it may be used 
regardless of the manner in which the 
functions vary for particular cases. 





Fig. 3—Successive functions of the moment of the areas of the M/EI diagram about 
the support R (Fig. 2) are a measure of the distance a from tangent to the elastic 
curve at various points 
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PATENT PROCEDURE 
Facilities Of The U.S. Patent Office 


MILES HENNINGER 


Patent Department, Allis-Chalmers Manufacturing Company 


HE PATENT OFFICE organiza- 
tion is relatively simple in view 
of the range of work done. The 
Office is under the direction of a 
Commissioner, appointed by the Presi- 
dent and, at present, three assistant 
commissioners who are also appointed. 
Suits involving the Commissioner in his 
oficial capacity are defended by a 
solicitor who also passes on general 
legal questions aided by two law ex- 
aminers. The Office has an excellent 
reference library, a manuscript division, 
a drafting division, an assignment divi- 
sion and the docket division under the 
supervision of a chief clerk. Only the 
latter three divisions are directly con- 
cerned with the examination of appli- 
cations and the issuance of patents. 
Let us consider now the path of an 
inventor with an invention, who desires 
to find his own way into and through 
the Patent Office. The first step is to 
obtain a “Manual of Classification of 
Patents,” issued by the Publications 
Division by way of the Government 
Printing Office. The manual is loose 
leaf, and insert sheets are issued to 
purchasers for a limited time to keep 
it up to date. The Publications Divi- 
sion can also supply pamphlets defining 
the classes and sub-classes indexed in 
the manual. The definition bulletins 
are issued semi-annually and now num- 
ber 80. Only those bulletins defining 
the classes in which the inventor is 
interested need be obtained. Free pam- 





phlets entitled “General Information 
Concerning Patents,” “Patent Laws” 
and “Rules of Practice in the United 
States Patent Office” are to be had. 
The first one is desirable and the 
latter two are necessary if applications 
are to be prosecuted. The Publica- 
tions Division also compiles the Official 
Gazette obtainable from the Govern- 
ment Printing Office, and can supply 
printed copies of photostats of patents, 
the annual indexes and lists of patents 
classified in any class desired. One 
volume of the index contains lists of 
patentees, of design patentees, of in- 
ventions and of design inventions, and 
the other volume contains lists of trade- 
mark applicants, of trademark regis- 
trants, a classified list of trademarks 
registered and a list of labels registered. 
The inventor now goes to the Finan- 
cial Division where he purchases cou- 
pons to be used in ordering copies of 
pertinent patents found. Fig. 1 shows 
a coupon and stub and indicates the 
information required to identify a pat- 
ent when a copy is ordered. The 
Financial Division is also the receiver 
for all payments to the Patent Office 
and does all of the accounting work. 
Our inventor now goes to the Search 
Room where he finds the stacks con- 
taining the U. S. patents classified as 
shown in the manual. The well-known, 
discouraging experience of wasting 
time and materials on a development 
already known in prior patents, can be 








avoided only by a search before the 
work is started. [Inspection of the 
manual and the definition bulletins will 
indicate the field to be searched and 
the “search card” at the beginning of 
each bundle of patents will refer to 
other classes which should be consid- 



























I 
ered. If the invention falls into only s 
a few sub-classes, the inventor will be 
well advised to order all patents in such © , 
sub-classes for his consideration at ‘ 
leisure. A letter to the attention of the k 
Chief Clerk will obtain the approxi- tl 
mate number of patents in any given tl 
subclass, which may then be purchased g 
as a subclass. Purchase of a complete 
sub-class or two may avoid the charges p 
of a professional searcher or may save $ } 
a trip to Washington. If the invention ti 
might be found in any one of many M , 
sub-classes, a careful search in the "b ti 
Patent Office search room, starting with | gı 
the most likely classification and fol | çe 
lowing the search card notes, is neces ff p 
sary. When a search is to include for. B. f, 
eign patents, it is necessary to consult cl 
either the classified or numerically B p. 
bound foreign patents in the library or M 
to make a search, with the examiner’ $i is 
permission, in the classified foreign B re 
patents to be found in the examin- 
ing divisions. Some countries hav BE (a 
published only incomplete sets of pat. BE de 
ents, or abridgements or lists. However, B pa 
whatever is available to the examiner is BI pl 
also available to the public. Before co 
attempting to search foreign patents BE ih. 








THIS COUPON when serially numbered 
and when properly filled in and signed is 
receirable in the UNITED STATES 
PATENT OFFICE in lieu of TEN 
CENTS in payment for copies of printed 
patents or photographic prints or correction 
of drawings. All printed copies of United 
States patents cost ten cents. 
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WASHINGTON, D. C. 
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Fig. 1—This standard coupon will carry all needed information to obtain a copy of a patent and will pay for it as well 


PRODUCT ENGINEERING 






















Jar 






— — 





RING 








Respectfully, 


Form 0808 11—9231 (SEE OTHER SIDE) 


Fig. 2—The sample filing receipt contains the newly assigned 
serial number of the application 


reference should be made to the 
*Manual of Foreign Patents," by Bel- 
knap Severance, published in 1935 by 
the Patent Office Society. A search in 
the other publications in the library is 
guided by the usual library index. 
Assuming that no patents or other 
publications showing the invention have 
been found, preparation of the applica- 
tion is next in order. The preparation 
of the drawing, writing of the specifica- 
tion and formulating of the claims are 
sufficiently difficult to justify later 
separate treatment. The complete ap- 
plication plus a check or money order 
for the filing fee ($30, plus $1 for each 
claim in excess of 20) is mailed the 
Patent Office and is received in the 
Mail and Files Division where a record 
is made of its receipt and the date of 
receipt is stamped on all of the papers. 
The application is sent to the Appli- 
cation Division where it is examined to 
determine that it is complete and ap- 
parently in order. If some of the ap- 
plication papers are missing or in- 
complete, the applicant is so advised, 
the papers are held for six months and 


Div. 26 
Address only 
“The (C ommisnioncr of Patenta, 
Washington, D. C.” 
and not any official by name 


Room 


charge of this application. 


ere 11--8623 


G. F. DeWein 
P.O, Box 512 


Milwaukee, vis. 





CONWAY P. on 
Commissioner of Patents. 


5897 


DEPARTMENT OF COMMER® 
UNITED STATES PATENT OFFI 
WASHINGTON 


Please find below a communication from the EXAMINER in 


of Patents,‏ س 














WASHINGTON, D. C. 





s Address on. F 
تن تفه از‎ REE SSIS 
$i SERIES OF 1935 
h = APPLICANT -MORTENSEN SOREN H ULY 13 1949— T 
iS ammon. WINDING FOR. ELECTRICAL کی‎ 
Bs "APPARATUS 3771 B — tutti 
i5 2 : 
8574 ^ 5 2 
P P 0 BOX 512 E poA. 
n MILWAUKEE WIS zi 
nu Ee 2251152 
The petition, specification, oath, drawing, and first fee of THIRTY DOLLARS of your ze DEPARTMENT OF COMMERCE 
application for PATENT above identified received. x U. S. PATENT OFFICE 
E3 





. uly, 29 21941| Hilwaukee, vis. 

















Inventor: Wortensen,Soren H., —— assor, t4 


s Manufacturing Company, 


. Milwaukee, Wis. 
Invention: winding for eleetricel apparatus. 






G. F., De wein, 
P O Bax 512 


" 


e FEE OF THIRTY DOLLARS has been 
received in this application o 
july 2,1941-4 


Very respectfully, 
CONWAY P. COE, 
Commissioner of Patents. 


191 ۵ 


Fig. 3—This final receipt carries the patent number and date 


of issuance of the patent to be issued 


then sent to the abandoned files and 
the filing fee is returned to the appli- 
cant. If the application is complete, 
the filing fee is detached and sent to 
the Financial Division. A more com- 
plete record of the data relating to the 
application is made, a serial number 
is assigned to the application and a 
receipt for the application is sent to 
the applicant. Fig. 2 shows the filing 
receipt for the application resulting in 
patent 2,251,152 to S. H. Mortensen on 
July 29, 1941. The Application Divi- 
sion makes a tentative classification of 
the application which determines the 
examining division to which the appli- 
cation is initially sent. The drawings 
are sent to the Drafting Division, where 
they are considered for compliance 
with Patent Office rules and the ordi- 
nary drafting conventions. If the 
drawing is informal but sufficient for 
examination of the application, it is so 
marked and the filing receipt bears 
such notation. If the drawing is not 
adequate for examination of the appli- 
cation, the application is incomplete 
and a letter so advising the applicant 


Ser. 
Filed 
For 


No. 


is sent, but no filing receipt is issued. 

Assuming that the application is 
complete and in order, the application 
is now sent to the Examining Division 
and placed in the hands of the particu- 
lar examiner by whom the application 
is to be considered, both as to its form 
and its novelty, utility and patentability. 
The examiner first determines whether 
or not the application should be ex- 
amined in his division. If the tenta- 
tive classification is not correct, the 
examiner confers with the examiner 
who might also handle the application 
and, in case of failure of the two ex- 
aminers to agree, the application is 
considered in the Classification Division 
for a final decision on this point. The 
examiner then considers the application 
to determine that it meets the statutes 
and rules as to form. Major defects in 
form result in an office action (see 
Fig. 4 showing the heading on each 
office action) without any action on the 
merits of the application, whereas minor 
formal defects are merely noted and 
made part of an action on the merits 
of the application. The examiner’s 


Paper No. 


Applicant: Seren H. Mortensen 


35, 
wikbtn سند‎ 


APPARATUS 





Pig. 4—A notice with this type of heading indicates an office action concerning a major defect in the application 
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Div. 26 Ra. 5497 . 


ADORESS ONLY 
THE COMMISSIONER OF PATENTS 
WASHINGTON, D. C. 


MAILED 
JAN 23 1041 


Soren H., Mortensen 


iled 
lc Co 


their term begins to run. 


payment of the final fee. 
should accompany the order. 


Patent Office. 


IN REMITTING THE FINAL FEE GIVE THE SERIAL NUMBER AT THE HEAD OF THIS NOTICE 


THIS APPLICATION CANNOT BE RENEWED 


G. F. De Wein, 
P.O. Box 512 
Milwaukee, Wisconsin. 





When the final fee is paid, there should also be sent, DISTINCTLY AND 
PLAINLY WRITTEN, the name of the INVENTOR, TITLE OF THE INVENTION, AND 
SERIAL NUMBER AS ABOVE GIVEN, DATE OF ALLOWANCE (which is the date of this 
circular), DATE OF FILING, and, if assigned, the NAMES OF THE ASSIGNEES. 


If it is desired to have the patent issue to an ASSIGNEE OR ASSIGNEES, 
an assignment containing a REQUEST to that effect, together with the FEE for 
recording the same, must be filed in this office on or before the date of 


After issue of the patent, uncertified copies of the drawings and 
specifications may be purchased at the price of TEN CENTS EACH. 
Postage stamps will not be received. 


Respectfully, 


Serial No. 35, n2 


ARTMENT OF COMMERCE 
UNITED STATES PATENT OFFICE 


WASHINGTON January twenty-three, 1941. 


Your APPLICATION for a patent for an IMPROVEMENT in 


Winding for Eleotrical Apparatus 


has been examined and ALLOWED with 16 claims. 

fee, THIRTY DOLLARS ($30), WITH ONE DOLLAR ($1) ADDITIONAL 
FOR EACH CLAIM ALLOWED IN EXCESS OF 20, must be paid not later than 6 MONTHS 
from the date of this present notice of allowance. 
paid within that period, the patent will be withheld; SEE REVISED 
SECTION 4895 AS AMENDED BY ACT OF CONGRESS APPROVED AUGUST 9, 


The office delivers patents upon the day of their date, on which date 
The preparation of the patent for final signing 
and sealing will require about 4 weeks, and such work will not be begun 
until after payment of the necessary final fee. 


If the final fee be not 


1939. 


The money 


0310300۷ 38 10۷ 7111 5۵0310 1100 


The final fee will NOT be received from other than the applicant, his 
assignee or attorney, or a party in interest as shown by the records of the 


NOTICE.—WHEN THE NUMBER OF CLAIMS ALLOWED IS IN EXCESS OF 20, NO SUM LESS 
THAN THIRTY DOLLARS ($30) PLUS ONE DOLLAR ($1) ADDITIONAL FOR EACH 
CLAIM IN EXCESS OF 20 CAN BE ACCEPTED AS THE FINAL FEE. 


Q. o9. 


Commissioner of Patents. 


Fig. 5—The notice of allowance indicates that all difficulties have been cleared up and 
that only payment of the final fee is needed to obtain the patent 


consideration of and actions on the 
merits, i.e., the novelty, utility and 
patentability, of an application and 
the applicant’s responses are worthy of 
separate and detailed consideration. 

A board of supervisory examiners 
constantly oversees the work of the 
examining divisions, considers some 
petitions and also does general admin- 
istrative work. 

If the examiner and the applicant 
cannot agree in their interpretations of 
the bearing of both the statute and case 
law on the application, the applicant 
may appeal to the Commissioner or to 
a Board of Appeals made up of nine ex- 
aminers-in-chief sitting in groups of 
three. Questions as to form or pro- 
cedure go to the Commissioner and all 
questions relating to the merits of the 
application go the Board. From the 
Commissioner, a further appeal may be 
taken to the Court of Customs and 
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Patent Appeals or to the Federal Dis- 
trict Court (for the eastern district of 
Maryland), but appeals from the Board 
may be taken only to the Court of 
Customs and Patent Appeals. 

If an application is found to inter- 
fere with another application or with 
an issued patent, i. e., if the allowable 
claims in the application are readable 
on another application filed within 
(approximately) six months of the first 
application now found allowable, the 
examiner suggests that each of the 
applicants copy the claims having sub- 
ject matter common to both and insti- 
tutes a contest between the applicants. 
The contest is called an interference 
and its purpose is to determine who is 
actually the first inventor of the sub- 
ject matter of the claims. After the 
examiner has declared the interference, 
the interfering applications are sent to 
the Docket Division and the applications 


are thence forwarded into the hands of 
the Interference Examiners. An inter. 
ference being a contest between two or 
more parties, various pleadings are re. 
quired to fix the questions in issue 
and to establish the positions of the 
parties, evidence is taken and presented 
and the case is heard and argued just 
as in any other legal contest. A deci. | 
sion is rendered by the examiners, | 
sitting in boards of three, and i| 
appealable to the Board of Appeals and fi 
from there to the Court of Customs | 
and Patent Appeals. Few persons are 
competent to carry through an inter. 


T er 


ference and few persons, even including _| 


patent attorneys, are really skilled in 
the practice. A later article will give | 
the general practice in interference: ~ 
but will not go into the detail neces. 
sary for prosecution of an interference, 
After the objections of the Examin. _ 
ing Division as to form have been met |” 
or overcome, the claims have been s? 
written as to define and distinguish ac. 4 
curately the instant invention from all _ 
other prior references, and any question | 
of first inventorship has been settled | 
by termination of an interference, the 
application is allowed and a notice of 7 
allowance is forwarded to the appli = 
cant. Fig. 5 shows the notice of allow. 2 
ance in the application resulting in | 
patent 2,251,152. After issue of ۲ 


ESSERE. oe 







notice of allowance, the application i: 

sent to the Issue and Gazette Division, 
where the application remains unti? 
the final fee is paid and from which _ 
the application is sent to the Gover: 
ment Printing Office. é 

If the patent to issue has beef 
assigned to a purchaser and is to bear | 
notice of such assignment on the prin | 
ed patent and copies thereof, it is nece S 
sary that the assignment be recorded, 
in the Assignment Division before th 
application goes to the printer. It i 7 
good practice to send the — 
with the fee ($3) for recording at th _ 
time the final fee is paid. F* 

Design and trademark application 
follow much the same course in the 
Patent Office as outlined for inventions 
but are handled in separate division] 
and will be separately considered. 
Copyrights and prints and labels ar 
handled by the Register of Copyright 
and will be separately considered. 

If the inventor has occasion to cor 
sult the prosecution file of a patent 
such files are available in the atto 
neys' and record room and photosti 
copies can be ordered from the Mant 
script Division. 

Further details regarding Pater 
Office procedure may be obtained fre 
the “Manual of Patent Office Proce! 
ure," by C. L. Wolcott, 8th editi» 
published by the Patent Office Societ 
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Fig. 1—Operators can see better and work faster 


COLOR FOR 


MATT DENNING 


E. I. du Pont de Nemours Company 


WELVE YEARS AGO workers 

in a shoe factory complained of 

headaches and blind spots. An 
executive of the company, while watch- 
ing a man at work on a black shoe in 
a black-painted machine, suddenly no- 
ticed that there was no contrast between 
shoe and machine. The dark surfaces 
made seeing difficult. Acting upon im- 
pulse, he told the operator to select a 
pleasant color from the paint shop and 
repaint his machine. 

The shop soon looked like a kaleido- 
scope as other workers followed suit, 
but with the switch to lighter colored 
Paints which gave better contrast be- 
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tween shoe and cutting edges, the acci- 
dent rate fell off 70 percent. Production 
increased; there was less fatigue and 
fewer “seconds.” 

well-lighted machine 
shop presents the same problem. Ma- 
chines are usually painted dark green, 
deep gray. or black. Contrast between 
metal work and machine is not ade- 
quate, and the dark paints soak up much 
of the light directed upon them. In 


The average 


short, machines and work areas are too 
well camouflaged. The problem cannot 
be completely solved by piling on high- 
level lighting in such surroundings, but 
it can be reduced to that of finding the 


since working areas were painted light buff 
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best color for the machines themselves. 

Research conducted by the Philadel- 
phia Electric Company and E. I. du 
Pont de Nemours & Company indicates 
that the most effective results are ob- 
tained by painting the base and body 
of a machine with a medium gray paint. 
and “spotlighting” the working area 
with a light buff. 

As shown in Figs. 1, 3 and 4, light 
buff is painted on all areas which act 
as a background for the work or cut- 
ting edges except, of course, for table 
surfaces, ways, and other operating sur- 
faces. The light buff should also be 
painted on areas from which light is 
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reflected onto working surfaces. Bound- 
aries for the buff area are best deter- 
mined by natural “breaks” in the ma- 
chine, such as a junction of parts, or a 
line on a casting. 


Conditions of Tests 


Research was conducted with several 
colors of paint on a small punch press 
and a power shear in the repair machine 
shop of the Philadelphia Electric Com- 
pany. These machines were selected for 
the test because they duplicate condi- 
tions which exist generally in machine 
shops. Both incandescent and mercury 
lighting equipment was installed. Mer- 
cury light was provided by a 450-watt 
low-pressure mercury tube suspended 
over each machine. Incandescent light 
for the shear was supplied by a 500-watt 
silvered bowl lamp in a diffuser; for the 


punch press by four 200-watt clear 


lamps in angle reflectors. Illumination 
in the working area was maintained at 
approximately 30 foot-candles. 


SHEAR 


MERCURY 
LIGHT 
















Colors selected for the test were in 
general light. but some dark colors 
were chosen for comparison. Some tests 
were made with the whole machine 
painted the same color; others were 
made with the base and large back- 
ground areas painted one color, and 
the working area "spotlighted" with a 
different color. Colors tested on the 
shear were: battleship gray (original 
color). aluminum. light green. light 
gray. light gray with dark green back- 
ground, light gray with medium gray 
background, and light buff with me- 
dium gray background. 

Colors selected for the punch press 
were: battleship gray (original color). 
yellow. light blue. light buff. medium 
gray and light gray background. and 
light buff with medium gray back- 
ground. 

Three tyes of tests were made: meas- 
urement of light reflecting character- 
istics; effect of different colors upon 
production; and a questionnaire to de- 
termine psychological factors. In the 
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reflectance measurements, readings were 
taken of light falling on the work sur. 
face and of light reflected in order to 
obtain accurate photometric records of 
each color tested. Important surfaces 
of each machine were divided into zones, 
each with an area of 1 sq. ft. Readings 
in each zone were taken with the Mac. 
beth illuminator. Illumination was then 
measured in foot-candles of light falling 
on the machine surface. Brightness (a 
function of illumination and the reflec. 
tion factor of the surface) was meas. 
ured in foot-candles of light reflected 
back from the machine. 

Time-study records were made of 
three simple jobs performed on the 
shear. The jobs were performed by an 
experienced operator and the times were 
recorded under both mercury and in. 
candescent lights for each color. 

The psychological effect of the vari. 
ous colors upon workers was determined 
by handing out questionnaires to each 
of a group of 15 men. including 2 fore. $ 
men. Questions asked were: (1) Is 7 


b 








SHEAR 











Lr. Buff - 
Md. Gray 








Lt. Gray 1 
Lt Green ۳ 
P nh 

Lt.Gray- | 
Dk.Green p 
Alum- Ê 
inum 
b 
D 
tl 
Lt Buff 
Md. Gray 

Lt. Gray ۲ 
1 
in 
Lt. Green ۲ 
a * 
a 2 
Lt. Gray- E ۰ 
Dk. Green E 
E si 
Aluminum | | : 
| 14 
th 
0 | 2 3 4 5 6 7 Mi 
(B) Time study, Sec. E. 
lig 


Fig. 2—Results of light reflectance and time study tests of machine tools painted various colors 
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have been dropped, but effect of light-buff-medium gray combination is not spoiled after 6 months of actual service 


paint more or less tiring than original? 
(2) Can you see better than with origi- 
nal? (3) Can you work faster than 
with original? (4) Is it easier to do 
better work than with original? (5) 
Do you need more light? (6) Do you 
think it is safer than before? 


Results of the Tests 


Assuming that maximum light reflec- 
tion is essential to best seeing, the most 
important study was the relative bright- 
ness of various parts of the machine 
adjacent to the working area. Fig. 
2(A) shows the results of these meas- 
urements, Each color is reproduced in 
the bars of the chart. General conclu- 
sions are qualitative rather than quanti- 
tative. Of the colors tested on the shear, 
light gray and aluminum are so nearly 
the same under mercury light that there 
is little 
lights, however, aluminum 


choice. Under incandescent 
gives not 
nearly as consistent a performance. In 


either case, the reflecting properties of 


light green are high enough to warrant 
Light buff is 


serious consideration. 
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definitely better than any of the other 
colors. 

All the colors studied on the punch 
press are nearly the same under mer- 
cury light. Under incandescent light. 
yellow is not quite as good a performer. 
Light buff is the best color. 

The apparent discrepancy in the re- 
flections that have been secured on the 
two machines, chart Fig. 2(A) is due 
to the larger area of painted surface on 
the front of the shear which reflects 
more light down upon the working sur- 
faces. The chart shows that from a light 
reflection standpoint there is no reason 
to assume that gray or aluminum is 
always a logical choice. Light buff gave 
consistently good performance. 

Fig. 2(B) shows the results of the 
time studies on the shear. These results 
are surprising since they indicate that 
for certain specific tasks there is little 
to choose between light buff on medium 
gray and light gray or light green as far 
Another 
is the drop in 


as production is concerned. 
interesting indication 
speed with light gray when the bulk of 
the machine is painted a dark green. 





Finish on turret lathe is slightly oil-streaked as a result of average hasty clean-up and is chipped where heavy tools or work 


One explanation is the marked contrast 
in brightness within the range of vision. 

While the results of the questionnaire 
are not conclusive, because the study 
was confined to a period of a few weeks 
for each color, they do indicate that 
lighter colored machine finishes possess 
definite advantages. Comparing the test 
colors with the original gray, 100 per- 
cent of the men said they could see 
better with light buff; 28.6 percent said 
buff was less tiring, and the remainder 
stated no difference in fatigue. When 
asked “Is it easier to do better work 
with light buff?” 57.2 percent replied 
“yes,” 14.3 percent said “no,” and 28.5 
percent reported “no difference.” The 
same percentages thought they could do 
better work with light buff, and all felt 
the new color made the job safer. 

On the whole, aluminum was liked 
by the workers as well as light buff. 
outranking the buff paint in the “work 
faster” and “do better work” questions, 
and inferior as to better seeing and 
fatigue. Light gray had a high rating, 
but was considerably better under in- 
light than 


candescent under mercury 


2] 
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Fig. 4—Areas acting as background for or 
reflecting light upon the tool and the 
work should be painted with light buff; 
remainder with medium gray. Semi-gloss, 
oil-resistant machine paint recommended 


light. Yellow was found to be tiring. 

In order to reduce all three of these 
types of tests on the two machines to 
the same basis, a composite rating was 
worked out for each test. These ratings 
are compared in Table 1. This study 
shows a definite trend toward light buff, 
with light gray and aluminum standing 
high on the list. 


What About Maintenance? 


From the maintenance viewpoint, it 
was decided that it was not practical to 
paint machines entirely with light buff. 
Accordingly, all machines in the Phila- 
delphia Electric Company repair shop 
were painted a medium gray with light 
buff around the working area. The pur- 
pose was to utilize the light reflectance 
of the lighter finish where needed most 
around the working areas, and still 
satisfy maintenance requirements of a 
finish that will not show dirt too readily 
in areas not usually kept clean. Also, 
it was deemed advisable not to paint the 


N 


entire machine with the light buff; glare 
from such a large bright area in front 
of the worker might cause eyestrain dur- 
ing an 8-hr. shift. Surprisingly, the 
combination seems to perform better 
than any of the solid colors. 

It is, of course, necessary to spec fy 
an oil-resistant, washable machinery 
paint, semi-gloss type recommended, 
These painted surfaces can easily be 
wiped off with waste or cleaned with 
kerosene, gasoline or safety machine 
cleaners. 

During the two-year period of study 
with buff and gray machines, it has 
been found that the machinists are so 
convinced of its benefits, and the color 
appeals to them so much that they 
keep the light area clean of their own 
accord. Fig. 3 shows a turret lathe that 
has been in operation for more than six 
months without refinishing. The picture, 
reproduced from unretouched natural 
color film, shows the lathe about as 
clean as the average operator keeps it. 

Research has found: (1) the soft 
contrasts created by the light buff-me- 
dium gray combination are easier on 
the eyes than abrupt changes in bright- 
ness; (2) these colors are best in 
reflective qualities; (3) operating time 
was faster and more efficient because 
lighter tool areas concentrated attention 
on the work and high-lighted danger 
points; and (4) workers react more 
favorably to buff and gray. 


Table I—Composite Rating of Colors Tested* 








MERCURY LIGHT Percent INCANDESCENT LIGHT Percent 
Rating Rating 
COLOR OF PAINT Re- Ques- Re- Ques- 


Time flected tion- Aver- Final} Time flected tion- Aver- Final 
Study Light naire age Rating|Study Light naire age Rating 











Puncu Press 


Yellow 92.9 38.7 906.5 51.1] 64.6 10.7 37.7 31.1 
Light Blue 79.3 31.2 55.3 56.0 88.0 61.6 71.8 748 
Light Buff 97.5 100.0 98.8 100.0 100.0 100.0 100.0 100.0 
Medium Gray and 

Light Gray 100.0 43.7 71.9 72.6 93.7 33.9 1723.8 Tae 
SHEAR 
Light Bull 100.0 100.0 100.0 100.0 100.0] 100.0 92.9 100.0 97.6 100.0 
Aluminum 67.1 88.4 100.0 85.2 85.2] 69.1 78.6 100.0 82.6 84.6 
Light Green 95.5 64.8 18.2 59.5 59.5] 85.5 77.7 19.6 60.9 62.4 
Light Gray 97.2 87.5 54.0 79.6 79.6 82.8 96.5 97.6 92.3 95.6 
Dark Green and 

Light Gray 88.5 91.1 18.5 66.0 66.0} 75.8 100.0 23.3 66.4 68.0 


ö— — ا ا ا ا‎ 
* Percent ratings for Time Study and Reflected Light were determined from test results; 
in each case 100 percent was assigned to the color found best, and other colors were 
rated in proportion. Questionnaire returns are expressed as percent of workers who 
noted improvement over gray in all respects. These three ratings are then averaged 
for each color, and the color (light buff) having the highest average rating is assigned 4 

composite rating of 100 percent. These values are comparative values only. 
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PHOTO-TRACINGS 


Their Use in Making Pictorial Blueprints 


INCE the prime purpose of mak- 
ing shop blueprints is that they 
serve as a means of conveying in- 


structions from the engineering depart- 


ment to the various departments con- 
cerned with production, assembly and 
installation. it is obvious that it is de- 
sirable to employ every convenient and 
economical means that will shorten the 
time spent in deciphering or reading the 
blueprints. One means that is effective 
in promoting the ready interpretation of 
blueprints is to employ a pictorial style 
of presentation. 

Engineers know that conventional un- 
shaded outline drawings of parts and 
assemblies are not visualized with the 
same facility as are photographs of the 
same parts or assemblies. Contact pho- 
tographic prints, for many 
reasons are not a satisfactory method 
of issuing instructions to the shop. To 
bridge the wide gap between line draw- 
ings and photographs, blueprint repro- 
ductions made from photo-tracings can 
be effectively employed. 


however, 


Photo-tracings are photographic neg- 
atives produced on tracing cloth. They 
are negative only in regards to black 
and white color values, otherwise they 
are positive, that is, the image is not 
reversed in direction from left to right 
as it is on a conventional photographic 
negative. 

This result is obtained by first photo- 
graphing the part to obtain a negative. 
All illumination used to take the first 
exposure is then removed with the ex- 
ception of the lights located under the 
glass upon which the part was placed. 
Another exposure is then made. The 
resultant negative will show a clear sil- 
houette of the part on a black back- 
ground. A positive film is then devel- 
oped from the original negative. This 
film is matched with the silhouette film 
or "mask" and used in the enlarger to 
produce the negative photo tracing. 

The cloth used is purchased already 
prepared with the sensitized coating on 
one side and a waterproof coating on the 
other. The latter is to prevent the 
cloth from being destroyed while in the 
developing baths. If there is any 
shrinkage at all on the tracing after 
developing and drying, it is negligible. 

Photo-tracings combine the advan- 
tages inherent in photographs and in 
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2—Finished photo-tracing made by photographing the mockup as 


All lettering on photo-tracing is in ink 
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-Sketch tracing drawn free-hand in pencil, used only for making a mockup of 
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linen tracings. They are pictorial illu E 
trations to which can be added inform 
tive notes and sketches, all of whid 
can be reproduced in the form of blu. 
prints. | 
A description of how photo-tracing 
are made use of at the Lockheed Ai, 
craft Corporation may help other engi, 
neers to appreciate what can be don, 


to help the men who work from blue 
prints. Formerly it was the duty of the 
manufacturing engineering departmen 8 
to “break down” the electrical memba 
of what is termed “production assep.7 
blies.” These *break-downs" were n4 
engineering release drawings inasmuch 
as they contained nothing more than 4) 
list of the parts which made up th 
assembly. Today production assembly _ 
drawings are made by photographing o 
sensitized cloth assembled units obf 
tained from the stockroom. The phot: in 
graphic negative after processing he 
comes a photo-tracing. The photo-tra. f$ 
ing is completed by adding to it t 
call-outs from the old production af 
sembly drawing, either by having then] 
۱ typed and then photographed on th 
E: ۱ — — — i tracing before processing or by adding 


Fig. 3—Ink should be used for all lettering and additions to photo-tracings. If pencil - p a ink. — 
is used the photo portion of the tracing “burns out” on the blueprint reproduction t hese production — T 
before pencil lines can be reproduced been in use for some time so that the 
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Fig. 4—Photo-tracing used for installation drawing. Note the reversed black and white color tones 
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have been more or less proved for ac- 
curacy and completeness, and there is 
no present possibility of subsequent 
changes in design or arrangement, 
prints irom the photo-tracings are re- 
through the regular 


leased at once 


channels. 
Procedure With New Designs 


It is not quite so simple to produce 
an accurate tracing for a new design, 
vet the procedure is about the same as 
that taken in making a photo-tracing of 
an old. approved design. Instead of a 
*production assembly drawing” a 
"sketch-tracing" is made like that shown 
in Fig. 1. which is nothing more than a 
hand sketch of the assemblies which 
have been previously designed, checked 
and released through the proper chan- 
nels. With the aid of this sketch, a 
mockup of the assembly is made and 
proved. The mockup is then photo- 
graphed on sensitized cloth and proc- 
essed to obtain the photo-tracing. After 
the call-outs are added in ink by a 
draftsman, as shown in Fig. 2, the new 
photo-tracing is released to take the 
place of the sketch tracing. 

Through much experimenting the au- 
thor has learned that in the blueprint- 
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ing process the exposure needed to 
bring out penciled lettering from photo- 
tracings is so much greater than that 
required for the photograph portion of 
the tracing, that the picture itself is 
“burned out” on the blueprint. Since 
the major purpose of using photo-trac- 
ings is to supply the shop with a clear 
pictorial view, a clean sharp reproduc- 
tion of the photograph is important. 
therefore, the use of pencil for lettering 
or additions is not satisfactory. The 
ideal blueprint is produced when ink 
lettering is used on the photo-tracing. 
Ink on this type of tracing can be easily 
removed if need be, either 
eraser, scraper or water. 


with an 


The use of photo-tracings is recom- 
mended wherever a true reproduction 
is wanted of a part or parts of assem- 
blies that cannot be readily drawn by 
the draftsman such as plumbing, con- 
trols, landing gear or furnishings. 


Installation Drawings 


Another type of drawing, similar to 
production assembly drawings, that can 
utilize the photo-tracing process to ad- 
vantage is the “installation drawing.” 
Frequently in the conventional type of 
drawing it is next to impossible to show 





Fig. 5—Blueprint installation drawing made from photo-tracing shown in Fig. 4. Note the positive black and white color tones 





intricate 
enough to remove all doubt in the minds 
of the men who do the installing in the 


some arrangements clearly 


shop. A true picture or photograph, 
like those shown in Figs. 4 and 5, of 
the installation helps considerably. At 
the Lockheed plant, views showing the 
relative position of assemblies to other 
members of the airplane are used in ad- 
dition to regular drawings. The views 
of the actual installation can be repro- 
duced with the installation on the same 
tracing, so that the men in the shop 
can be supplied with a true reproduc- 
tion of the former installation plus ac- 
tual photographs of difficult installa- 
tions. If the installation drawing is 
drawn quarter-scale, the photographs 
can also be made quarter-scale. This 
is also true, of course, for half or full- 
scale views. 

Designers while considering the ad- 
vantages that accrue through the use 
of photo-tracings should also keep in 
mind the involved. 


economic factors 


It is not recommended that the process 
be used indiscriminately, but only at 
times when its advantages as an aid to 
production have been definitely ascer- 
tained by the departments affected and 
the use of the process justified on the 
basis of time and cost involved. 


ELECTRICAL TIMING 


TIMING DEVICES have been classified into 
several divisions distinguished largely 
by the length of the time interval, the 
number of timed operations in sequence, 
and whether or not they are designed 
for repetition or cycle operation. The 
most popular timing devices depend 
upon clock-operated cams for tripping 


>e Holes for 
wo pin 
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Contact lasts 


electrical contacts and considerable in- 
genuity is shown in variations of the 
method of making and operating cams. 

Not all timing devices operate me- 
chanically. it should be pointed out, al- 
though those that depend entirely upon 
electrical circuit characteristics are be- 
yond the scope of this group. Their time 
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spaced 


until mercury Flows 
through orifice; 
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„2 riders hæve 
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certain time 


Adjustable 


interval is usually comparatively shor, 
The devices shown here take advantag 
of cams and related devices, period of 
vibration of a released solenoid conta 
arm, a pendulum-time escapement, dash. 
pot delay, rate of flow of mercun 
through a small orifice, and expansion 
time of an electrically heated wire. 


Adjustable spaced pins on clock - 
driven wheel control timing of 
contacts 


Three positions give 
15, 30, or 60-min. cycles 
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DEVICES — Their Operating Principles 


Electrical 
contacts ] 


8 Adjustable mercury contacts are rocked by cam 
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Corning Glass Company 


Radio station WLW, Cincinnati, uses Pyrex piping for cooling transmitting tubes and insulating a 12,000-volt amplifier 


GLASS IN PARTS DESIGN 


Its Properties and Applications 


ANY of the physical proper- 

ties of “Glass for Mechanical 

Parts” were presented in hand- 

book style in November PRODUCT ENGI- 
NEERING, page 617. The following dis- 
cussion covers some of the same ground 
with somewhat more detail presenting 
some of the pros and cons of glass appli- 
cations. Glass is a complex chemical 
compound and there are as many differ- 
ent kinds of glass as there are different 
kinds of steel. Although brittle, glass 
has a high intermolecular strength in 
both tension and compression and is 
weak in practice only because of un- 
avoidable surface flaws and internal 
strains and defects, Also, all glass is 
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subject to gradual attack by all kinds 
of chemicals, organic and inorganic, 
and even to corrosion by ordinary mois- 
ture and humid air. 

Nevertheless, glass is one of the 
strongest, hardest. most resistant sub- 
stances known. Glass is also cheap, 
abundant and easy to fabricate. It mer- 
its, therefore, careful consideration of 
both machinery and product designers, 
especially now when most materials 
that are either hard or corrosion resist- 
ant are scarce. 

FABRICATION OF Grass. Glass can be 
cast solid, or blown into a “paste” 


mold, i.e. a carbon coated mold in which 
the ware is rotated, or blown into an 


“iron” (uncoated) mold without rotè 
tion of the ware. 

Dimensional accuracy for molded 
glass is about the same as for iron cas 
ings in sand. For example, a cylindrica 
bottle shape designed to be 2 in. diame 
ter, 4 in. long and with :5-in. wall thick 
ness, if blown in a paste mold to avoit 
ridges on the glass at the mold parting 
lines will vary as follows: Out of a le 
of 100 bottles, a few will be plus o 
minus vs in. from the designed 4-in 
length. A few others will be plus ۲ 
minus % in. from the designed 2n 
diameter. Another few will be plus 
minus îs in. from the designed 5 
thickness. Most of the remainder wil 
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be truc to designed dimensions by half 
the above ranges. One-third of the lot 
can be selected closely true to any one 
designed dimension, such as diameter. 

Glass blown in iron molds is much 
more accurate, but has a ridge at the 
parting line like an iron casting. When 
blown in an iron mold, the same bottle 
dimensions in a lot of 100 would vary 
only plus or minus s2 in. on length, or 

lus or minus ez in. on diameter. The 
wall thickness, however, would still vary 
plus or minus fs in. as with paste 
molds. One-half of the lot can be se- 
lected closely true to any one designed 
dimension. 

Certain glass shapes, such as small 
dishes, can be pressed between ap- 
proaching dies, like a steel die forging. 
Dimensional accuracy is plus or minus 
d in. in a dish 4 in. in diameter by 
14 in. wall thickness. 


“Grass WELDING.” Glass can be and is 
joined together by “welding” or fusing 


during fabrication of certain glass prod- 


ucts, glass building blocks for example. 
Glass parts to be joined together must 
be closely identical in chemical com- 
position and thermal expansion coeffi- 
cients. This contrasts with metals where 
solder, tin, copper, brass and steel can 
all be fused together in strong bonds, 
and is contrary to an existing impres- 
sion that glasses are easily welded to- 
gether. This is partly due to the fact 
that glass, being non-ductile, cannot 
stretch or cold-flow, even microscopic- 
ally, to accommodate differences in the 
rate of contraction of the welded parts 
while cooling. Good manufacturing 
practice also demands a complete stress- 
relief anneal or *lehring" of all welded 
glassware. Within these requirements, 
glass is readily formed by bending, 
blowing and welding. 

A new glass working tool which en- 
ables “welding” glass-to-glass faster, 
with closer control of temperature, 
greater concentration of the heating 
zone, and greater heat penetration, takes 
advantage of the electrical conductivity 
of glass at high temperature. With in- 
creased temperature glass changes from 
an insulator to an electrolytic con- 
ductor. 

The welding process is accomplished 
by the passage of high frequency elec- 
tric current through the glass by means 
of two or more electrodes in close 
proximity to the glass surface. One or 
all of these electrodes may be suitably 
conducting gas flames such as an oxy- 
hydrogen needle flame to form tiny con- 
ducting strips. While high frequency 
currents have been most successfully 
employed, it is also possible to use 
lower frequency at higher voltages and 
even direct current. The best operating 
frequency varies with the kind of glass, 
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the type of ware and the exact nature 
of the operation. 

Heating Speeds may be 10 to 100 
times that of the flame alone under 
ideal conditions. Production speeds 
have been doubled and even tripled on 
articles which come within the power 
range and control limits of present glass 
working machines. The principal diffi- 
culties encountered so far have been 
due, in general, to limitations in avail- 
able equipment, rather than to limita- 
tions inherent in the process. As such 
they are rapidly being remedied by the 
development of better machines and 
power supply circuits. 

Glass can be machined, but only with 
a diamond point, and with such diff 
culty as to be prohibitive from the cost 
standpoint. It can be drilled with less 
difficulty and is readily surface ground, 
edge ground, cylindrical and centerless 
ground, or lapped. The roughened sur- 
face from grinding operations, or from 
long exposure to atmospheric or chem- 
ical corrosion, can be “fire-polished” to 
produce a smooth glazed surface, with 
dimensional changes so small as to be 
in most cases negligible, except for 
pressure-tight lapped fits. 


Corrosion Resistance. A glazed or 
fire-polished surface is more resistant to 
atmospheric or chemical attack than a 


mechanically polished surface, even 
though of optical smoothness. A me- 
chanically polished surface is much 


more resistant than a ground surface. 
The glazed surface of a mechanical part 
made from a good grade of hard glass 
can be expected to withstand ordinary 
atmospheric attack for a year, and or- 
dinary tap water for several months, 
usually much longer, without deteriorat- 
ing enough to impair its surface gloss. 





Corning Glass Company 


Roller made of heat-resisting glass. Metal 
end plates secured to the glass by low 
melting alloy and axial screwed metal 
parts make a strong assembly 


Corrosion resistance can be stated in 
terms of the National Formulary (phar- 
maceutical) Durability test. The glass 
sample is powdered and sieved to select 
a definite grain size, then 10 grams are 
heated with 50 cc. of water to 121 deg. 
C. in a steam autoclave. The corrodibil- 
ity of the glass is then measured by the 
amount of alkali leached out of the 
glass by the water. The results vary 
from 0.12 for a non-corrosive chemical 
ware glass, to 6 to 7 for a good ‘window 
glass, to as high as 15 for cheaper lime 
and window glass, and much higher for 
soft glasses. 

More complete details on comparative 
chemical resistance of various glasses, 
as recently determined by the Bureau 
of Standards, were published in /ndus- 
trial and Engineering Chemistry, Ana- 
lytical Edition, June 15, 1941, p. 419-22, 


in tabular form. 


FRICTIONAL Properties. Glass rubbing 
surfaces must be lubricated to prevent 
scratch and tear. Water may be used 
for light loads but oil, grease or graph- 
ite should be used for heavier loads. 
The dry coefficient of friction varies 
widely with the kind of glass but is a 
relatively unimportant characteristic of 
glass. Some grades of neoprene and 
cork compositions are available (on 
priorities) which have a coefficient of 
friction on a smooth dry glazed glass 
surface over 50 percent and far exceed- 
ing cork alone. 


THERMAL SHOCK RESISTANCE. When 
using glass for machinery or product 
parts, the thermal shock factor should 
be the first to be considered. Ordinarily 
this property of a material needs little 
or no consideration and has been over- 
come to a large extent in glass by the 
development of such brands as “Pyrex,” 
“Vycor” and others. However, since 
these glasses are relatively expensive 
the designer should first seek to reduce 
the thermal shock inherent in the opera- 
tion of his design to the point where 
the cheaper and more easily fabricated 
glass can be employed. If considerable 
grinding or other finishing is required 
to attain the required shape or dimen- 
sional tolerances the cost of the glass 
blank is less important. 


COEFFICIENT OF THERMAL EXPANSION. 
This property largely determines the 
thermal shock resistance. For most 
glasses, it is approximately of the same 
order as for steel and cast iron, rang- 
ing from 3.3x10* per deg. F. for ordi- 
nary hard glass to 45x10" for ther- 
mometer glass and to over 5.5xl10° for 
some plate and crown glasses. Values 
for leading makes of thermal shock-re- 
sistant glass are given in Table II of 
the above mentioned publication of the 
Bureau of Standards, averaging one-half 
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to one-fourth of the above values. 

Softening point is defined by some 
glass manufacturers as the tempera- 
tures at which a glass rod first starts to 
stretch by its own weight, the unit stress 
being very low. Other manufacturers 
place the rod under a high transverse 
bending stress and give the softening 
point as the temperature of first percep- 
tible quick yield, a more practical value 
from the mechanical design standpoint. 
This value ranges from 1,000 to 1,500 
deg. F. for most glasses. Softening point 
of “Vycor” 96 percent silica glass is ap- 
proximately 2,700 deg. F. 

Glass is a true viscous material and 
flows at any temperature. But practi- 
cally, the flow at room temperature is 
negligible, requiring years to become 
noticeable to the eye. However, when 
using glass under stress in a mechanical 
structure or product, under continuous 
loading or continuous high temperature, 
the desired dimensional stability and 
the degree of stress determine the per- 
missible temperature, rather than the 
arbitrary softening point. 


Exvastic Moputus. Data on this impor- 
tant property is scarce and vague. Tests 
by one manufacturer showed a range 
from 9.64 to 10.14x10° Ib. per sq.in. 
for one particular hard glass composi- 
tion. Lime glass rods in transverse 
bending averaged 13.4x10~° when inter- 
nally strained before loading, and 
12.5x10* Ib. per sq.in. when annealed 
before loading. 


MECHANICAL STRENGTH. The intermo- 
lecular strength of glass is comparable 
with the strongest known materials. 
being somewhere between 500,000 and 
1,000,000 Ib. per sq.in. However, being 
completely non-ductile, hence unable to 
correct within itself the slightest surface 
or internal flaw, crack or defect, the 
safe practical working strength of a 
good grade of glass is only 1,000 lb. 
per sq.in. for tensile and bending loads. 

The weakening effect of ever-present 
surface flaws such as microscopic 
scratches and bruises can be largely 
overcome by heat-processing or “tem- 
pering.” This establishes a controlled, 
uniform, permanent, compressive stress 
in the surface layers of the glass and 
permits bending loads of 2,000 lb. per 
sq.in. or more, while at the same time 
increasing the range of permissible 
thermal shock. 

Another expedient for partially nulli- 
fying the weakening effects of surface 
imperfections is “fortification” by hy- 
drofluoric acid. This acid dissolves 
away a uniform layer from the surface 
of the glass and in so doing it rounds 
off the sharp corners and sharp leading 
edges of microscopic cracks or checks, 
thus preventing further migration of the 
tear or rupture under load. 
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A recent series of tests of lime glass 
and non-corrosive glass tubes and rods 
in transverse bending at continuous 
loading rates of 1.000 to 3,600 lb. per 
sq.in. per min., showed that the breaking 
load is insensitive to the loading rate. 
at least in this range. The breaking 
strength was also found to be roughly 
the same as for the particular lime glass 
and the particular non-corrosive glass of 
the test, and roughly the same over a 
range of beam lengths from one to five 
feet. 

The maximum and minimum tensile 
strengths at break varied plus and 
minus 20 percent from the average 
values next tabulated (for annealed 
specimens) : 


lb. per sq.in. 
1 in. dia. tube 
144 mm. wall thickness........ 1.200 
1 in. dia. tube 
0.60 mm. wall thickness....... 6.000 
15 in. dia. rod 
مه‎ ET 6.700 
15 in. dia. rod 
OS Ee DENDO 
34 in. dia. rod 
BENE a a 6,800 
34 in. dia. rod 
ae eee 3.850 
34 in. dia tube, 
straight —fluted .............. 6.500 


4 in. dia tube, 

helical—fluted ............... 5,400 
Note that the scratches reduced the 
ultimate strength 40 percent. Scratches 
were made as follows: A 34-in. strip of 
No. 50 emery paper was twisted around 
the rod at the center until severe 
scratching was obtained which was read- 
ily visible to the naked eye as a band 
of several scratches running around the 
rod. 

Strained (unannealed) specimens 
averaged 20 percent higher strength 
than tabulated above, but would be 
sensitive to thermal shock. Glass me- 
chanical parts and products, unless 
made of pure quartz or Pyrex should 
always be annealed, or else strained 
under controlled conditions. 

These and hundreds of other tests 
have shown that a safe working stress 
for glass rod and tubing is 1,000 lb. 
per sq.in. for quickly inspected mem- 
bers, and 2,000 lb. sq.in. for steady 
static loading through felt on rubber 
pads, or members which have no visible 
flaw in the stressed areas. 


NOTCH RESISTANCE AND FATIGUE. Glass, 
being a non-ductile homogeneous sub- 
stance, behaves in respect to fatigue 
strength and notch resistance. much 
like a highly tempered high alloy tool 
steel. Glass is more sensitive to sharp 
notches, sharp V-threads, grinding 
scratches, especially under repetition 
loadings. Glass is like a chilled white 
cast iron, extremely hard, but brittle 
and useless for shock and impact loads. 

Glass parts, unlike metal parts, can be 





inspected for internal strains quickly 
and completely by means of a polari 
scope. Such polariscopes are in general 
use, not only in the laboratories, but 
through the manufactaring departments 
of glass manufacturers. If free from 
internal strains and free from any vis. 
ible flaws such as seeds, bubbles or 
cords, and with a glazed surface free 
from microscopic cracks or checks, a 
glass part which has no sharp indents, 
V-threads, fillets, or drainage holes. can 
safely be used for long-life repetition 
loading not over 500 to 1,000 lb. per 
sq.in., depending on the cost of a failure, 


DIMENSIONAL STABILITY. Unlike wood, 
fibre, and plastic parts, glass parts are 
not subject to dimensional changes due 
to moisture or exposure to humid air, 
Ordinary glass parts maintain a rigidity 
comparable with cast iron, up to tem. 
peratures over 800 deg. F., in contrast 
with many plastics, which soften at rela. 
tively low temperatures. At least one 
glass maintains rigidity at 1,700 deg. F, 
Parts made from one of the low-expan- 
sion glasses, which have a coefficient of 
thermal expansion only a fraction of 
steel, have a high degree of dimen 
sional stability and freedom from warp- 
age, over temperature changes of several 
hundred degrees. Such glass part: 
would be comparable with Invar in 
dimensional stability and in corrosion. 
resistance, and would be superior in 
hardness. Their thermal shock resistance 
would be ample for almost all applica- 
tions unless exposed to continuous high 
stress at high temperature, when the 
glass would be subject to slow viscous 
flow, as noted above. 

Because there are hundreds of differ. 
ent kinds of glass, sweeping generalitie: 
are likely to be fallacious. Although it 
is generally true, for example, that glas 
is sensitive to thermal shock, yet th 
low expansion glasses have a thermal 
shock resistance comparable to steels oí 
similar hardness. Again the statement 
that *glass is subject to corrosive attack 
by ordinary moist air" is literally true. 
but the attack is slow, and parts made 
of a commercial grade of hard glas. 
fire-polished, can be expected to have 
better corrosion-resistance than any but 
the most expensive metals. In fact 
where resistance to a sweeping wide vè 
riety of alkali and acid chemicals i 
concerned, (hydrofluoric acid alone ex 
cepted, glass is superior to all but the 
noble metals. Add to this extreme 
hardness, the ease of visual inspection 
for internal strains, extreme dimer 
sional stability, easy production o 
lapped pressure-tight running fits, and 
easy fabrication of grinding, forming 
or welding—and glass becomes a mate 
rial meriting a more widespread know! 
edge of its peculiarities and possibilities 
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Causes and Cures 
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fatigue crack 





Bore of tod eye 


(a) Fracture through stop plug 
hole at bottom of eye in rod 






Rest buttons Locaf ing plugs 


AN /۱ 
fy 



















Aireraft carburetor body castings 
in production suddenly failed to pass 
inspection because various closely di- 
mensioned hole centers were beyond 


drawing tolerances. The drilling jig 
was of welded hot-rolled steel, light- 
weight construction of the tumble type, 
rough-machined, normalized and finish- 
machined. After a thorough remachin- 
ing and reboring job was done, the jig 
was put back in production, but within 
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SEMI- STEEL CASTING 


Nucleuses of cracks 


(b) Fracture through grease cup hole 


in top of side rod ateye 


, ۱ " " 
3-/3 stud > $x2”CRS. 


Spofface for bushings 
or rest butfons on sides 


six months parts again were out of 
alignment. Apparently changes in tem- 
perature due to heavy drilling opera- 
tions caused a “settling” or age read- 
justment of the welded structure. A 
new jig carefully designed with proper 
webs and lightening holes, made of 
semi-steel casting, rough-machined, nor- 
malized and finish-machined has been 
in use over two years with a perfect 
record of accepted parts. 


Fatigue cracks starting at edges of 
tapped holes are clearly shown to be 
cause of these locomotive side rod 
failures. Fatigue cracks are results of 
stress reversals and defects; reduction 
of either of these factors will reduce 
number of failures. 

In side rods, greatest stress is located 
at vertical axis through the eye; there- 
fore, by moving these tapped holes 
back 45 deg. the stress is reduced. In 
failure shown at right, cracks started 
in thicker section where there is a boss. 
Thicker sections may be starting place 
for cracks more frequently than thin 
sections because thick section has less 
"give" and therefore creates greater 
stress concentrations. When boss is left 
off, failures are reduced. One authority 
even advocates a transverse undercut at 
hole, about 1%-in. wide and 0.010 in. 
deep, milled or ground with grain of 
surface lengthwise of rod. 

Defects need only be skin deep to 
cause failure and often are merely 
sharp burrs at edges, tool marks, min- 
ute cracks in work-hardened areas, or 
small inclusions. Edges of holes in side 
rods should have been rounded. 


TOTALLY-INCLOSED MOTORS are often in- 
stalled in wet or cold places. In one 
instance two such motors were installed 
beside steam kettles. After only three 
months in service both broke down. 
When opened up 5 in. of water was 
found in cach; the rotors were actually 
running in water. To cure this situation, 
which happens quite frequently, some 
manufacturers put small drain holes in 
the bottom of totally-inclosed motors. 


LEATHER SEALS specified in direct act- 
ing shock absorbers for automobiles 
could not stand up under varied cli- 
matic conditions. The seal must with- 
stand reciprocating motion and abra- 
sive dust, and seals against a light oil 
which under severe operating condi- 
tions may attain a temperature in ex- 
cess of 250 deg. F. After testing various 
materials, one manufacturer solved the 
problem with a special compound of 
neoprene and leather ground into a 
mass and then cured. 


PRODUCT ENGINEERING will pay a minimum 
of $3 for each example published in Causes 
and Cures. Where illustrations are necessary, in- 


clude drawings, rough sketches or photographs. 
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DYNAMIC BALANCING 


Theory and Principles Governing Procedure 


ALANCING rotating members is 

a problem in mechanics involv- 

ing the equilibrium of forces 

and moments, All balancing machines 

operate by virtue of the same principles. 

The machines differ with each other 

only in the means used to determine 

certain positions and magnitudes of 

counterweights which bring an unbal- 
anced rotor into balance. 

Consider a rotor which is balanced to 

have attached to it a weight W, as 


Fig. 1—Balanced rotor mounted in fric- 
tionless bearings with a weight attached 
which causes rotor to be out of balance 


^- Weight W 


Fig. 2—Balanced rotor with two weights 
attached, one opposite the other in the 
same axial plane. If WR=wr, and the 
centers of gravity of the weights are dia- 
metrically opposite the system is in 
dynamic balance 


shown in Fig. 1, thus causing the 
weighted rotor to be out of balance. If 
mounted in frictionless bearings and 
turned the weighted rotor will revolve, 
then oscillate and finally come to rest 
in a position such that the center of 
gravity of the unbalanced weight W is 
beneath the rotor in a vertical plane 
passing through the axis of the bearings. 
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The weighted rotor can be brought 
into static balance, that is, in a state 
so that it will remain at rest regardless 
of its initial position in the frictionless 
bearings, by attaching another weight 
w on the rotor opposite W, as shown in 
Fig. 2, so that WR equals wr. The cen- 
trifugal forces that act on the weights 
when the rotor revolves can be ex- 
pressed in terms of 


W or w = weight of unbalanced weight, Ib. 
R or r = distance from center of gravity of 
W or w to axis of rotation, ft. 
angular velocity, radians per sec. 
g= acceleration of gravity, ft. per sec. 
per sec. 
= r.p.m. of rotor 
constant which includes 1/g and 
conversion factor for w 
= centrifugal force on weight W 
EM 2 KWRN: 


= centrifugal force on weight w 
= KwrN? 

Forces F' and f'. of course, act ra- 
dially on the weights. If these forces 
are equal and opposite the rotor is said 
to be balanced dynamically and. of 
course, the rotor will also be balanced 
statically. 

The rotor is balanced statically re- 
gardless of the position of W relative 
to w as long as the lines of action of F’ 
and f' are parallel as illustrated in Fig. 
3. If the lines of action coincide, the 
rotor is dynamically as well as statically 
balanced. If the line of action of f is 
parallel but displaced sidewards to that 
of F’ as shown in Fig. 3 the rotor is un- 
balanced dynamically because a couple 
acts on the rotor in the plane of the 
forces F' and // which requires a counter 
couple produced by the bearings B and 
b, therefore, to balance this rotor the 
weights W and w must be removed or 
weights producing similar forces op- 
posite F’ and f must be added. The 
centrifugal forces F’ and f’ are propor- 
tional to WR and wr respectively so 
that the constant of proportionality KN? 
may be dropped from further considera- 
tion. It should be remembered that WR 
or wr is proportional to a force even 
though it has the dimensions of a mo- 
ment. 

Considering a general case of balanc- 
ing let a rotor be supported on bearings 
of a balancing machine at B and b, Fig. 


4. Let C and c contain two arbitrary S 


planes normal to the axis of rotation in 
which it is practicable to place or to 


remove metal to balance the rotor. Let 7 


P and p contain two arbitrary planes in 
which weights may be added tempo. 
rarily while determining the weights 
and positions of the weights to be added 
in the C and c planes. 

It is the purpose of the balancing ma- 
chine to determine a weight W” at a 
radius R’ in plane P and a weight w 
at a radius r’ in plane p which will bal. 
ance the rotor. W’R’ = Fp and w’r’ = 
f, may be replaced by electrical means 
but essentially the forces Fp and f, or 


their equivalent must be measured. The S 


forces F» and f, will not necessarily lie | 
in the same radial plane. 

Let the plane containing Fp and the 
axis of rotation be plane 1 and assume 
that it makes an angle 9 with plane 2 
which contains f, and the axis of rota 
tion. The usual way of determining F, 
and f, is to hold one support, say bear. 
ing b fixed and permit the other support 
B to vibrate in a given plane. Then de 
termine W’ and R’ in plane P so that 


the support B does not vibrate. Then in f 


a similar manner f, may be determined 
by locking support B and permitting b 
to vibrate. An alternative is to keep one § 


support fixed and the other one free E 


and then invert the rotor in its bearings S 
to determine the other force f, after F | 
has been determined. Fp and f, are 
forces which when introduced one at a 


'£ بت 


Centrifugal 
F16.3 


force 


Fig. 3—Rotor with two weights attache 
opposite each other in the same axid 
plane. Rotor as shown is unbalanced dy 
namically because a couple acts on the 
rotor in the plane of forces F’ and Í 
which require a counter couple to b 
produced at the bearings 
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Fig. 4—Diagram showing magnitudes and directions of forces acting in an unbalanced 
system with forces that must be added to bring the system into dynamic balance 


time produce balance of that end of the 
rotor about the fixed support at the far 
end of the rotor. 


Taking moments M about b 
=M=0 
(Rp X a) — (Fp X b) = 0 


i 
or Rp — — X Fp 
a 
where R, is an equivalent force at the 


bearing B. 
Similarly, taking moments M about B 


2 ۷ =0 
0 
Ry — —— Xf, 


The force R, can be transferred 
through the distance e to C parallel to 
itself in the plane 1 by adding to the 
system the couple Rze X g as shown in 
Fig. 5 such that 

1۳86 < 0 < RpXe 
Then by taking moments M about c in 
plane 1 and using R, reversed since it 
is to be the equilibrant of the new set of 





Fig. 5 Method of transferring parallel to itself the bearing 


reaction force acting in plane 1 by introducing a new force and 
a couple 
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forces, the conditions of equilibrium are 


EM —-—HpX(e-cg)--RgXg--RpcX9g-0 
RpXe-r- RpXg- RpXg-r Rgc Xg 


Rec = = X Rp 


and the algebraic sum of the vertical 
forces V equal zero or 
2 ۲ < و1 - و‎ + Rac + Ra =0 

The force F, in Fig. 4 can then be ex- 
pressed as 

Fg = Rp + Rac 
Similarly, for plane 2 taking moments 
about C, as shown in Fig. 6 


h 
Roe = — XRo 
g 


or in Fig. 4 
Jo = Ro + Roe 
Now, as shown in Fig. 4, add F, and 
R,. vectorially to get their resultant F 
and the angle x. The counterweight W 
at radius R is the required balancing 
weight in the C plane. WR must equal 


F and W must be located at an angle « 
to the plane 1. In like manner f is the 
vector sum of f, and Rae and is inclined 
at an angle to the plane 2 as shown in 
the illustration. 

If the rotor is mounted in a cradle 
and the supports of the cradle are 
placed in the correction planes C and c, 
distances e and h become zero and a 
equals g. Then it becomes unnecessary 
to transfer the forces Rs and R, to the 
planes C and c. This is the first simpli- 
fication that has been introduced in the 
design of nearly all balancing machines. 
Some machines have one support fixed 
such as b placed in plane c and the 
other support free to move and then the 
force Fp is determined by trial and 
error on a compensating drum so that 
the free support does not move. Then 
the force f, is found by inverting the 
rotor in its bearings and repeating the 
operation. Other machines have a drum 
which locates Fp automatically. 

Another time-saving improvement is 
to be able to lock one support and per- 
mit the other one to be free and then by 
moving a lever unlock the locked sup- 
port and fix the free support thus elim- 
inating the necessity of reversing the 
rotor. Some machines measure a volt- 
age which is proportional to the ampli- 
tude of vibration at the supports and 
thus obtain a reading proportional to 
Fp. By measuring the phase angle of 
the alternating voltage generated, the 
angle « is determined. A late type of 
balancing machine uses an electrical 
network to automatically locate the 
amount and position of the balancing 
weights. Electrical pickups measure the 
amplitudes at two supports and the 
electrical network performs the calcu- 
lations thus giving direct and auto- 
matic readings for the position and 
amount of balancing weight to be added 
or removed. 

Balancing machines which use com- 
pensating weights to locate the amount 
and position of balancing weights are 





Fig. 6—Method of transferring parallel to itself the bearing re- 
action force acting in plane 2 by introducing a new force and 
a couple 
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Simplified diagram of an electrical system used on balancing machine for 


obtaining a resultant voltage which is proportional to the correction weight which 
must be added to dynamically balance a rotating system 


usually made to hold the rotor in a 
cradle and use low balancing speeds. 
There is an advantage in using balanc- 
ing speeds of the same order as the 
speed at which the part being balanced 
normally operates. In some rotors such 
as an armature of an electric motor 
there is a possibility of the parts (wind- 
ings) shifting slightly when run at 
speeds higher than those used in the 
low speed balancing machines. 

The latest type of balancing machine 
uses electric pickups which are inverted 
loud speakers at the bearings of the 
rotor being balanced. In this machine 
which is completely automatic the bear- 
ings are mounted on flexible supports. 
The voltage generated at each bearing 
is proportional to the amount of vibra- 
tion at the bearing and by an ingenious 
electrical network a resultant voltage is 
obtained which is proportional to the 
correction weight to be added. A sim- 
plified diagram is shown in Fig. 7, of 
the electrical system. In this diagram, 
E, is the voltage generated by the 
pickup at bearing A, and E, is the volt- 
age generated at bearing B. If the N: 
network is adjusted so that 


Ea = — BE (1) 


when an unbalance is set up by an un- 
balancing weight w, only, then 


Ea + BE» = E: (2) 


Equation (1) is the defining equation 
for the network Vs and is satisfied by 
adjusting the network Nə during cali- 
bration of the balancing machine for a 
given setup. Equation (2) is the oper- 
ating equation for the balancing ma- 
chine and indicates that voltage E, 
which is proportional to and in fixed 
phase relation with wə equals E, plus a 
proportion B» of E». These two voltages 
E, and B. E, are placed in series, The 
network NV, automatically performs the 
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operation Bə by shifting the phase and 
changing the amount of the voltage E, 
to Bə E». The voltage E thus determines 
the correction weight wə to be added 
and furthermore E, has a fixed phase 
relation with the weight w so that know- 
ing this fixed phase relation, w, may be 
located. This is done by means of a 
stroboscope and suitable markings on 
the rotor. 

By suitable switches a similar net- 
work /V, for the other end of the rotor 
may be incorporated in the circuit and 
a voltage E, which determines correc- 
tion weight w, may be determined. The 
rotor may be completely balanced with 
one run. It is not necessary to stop the 
rotor to reverse it or to reverse the fixity 
of one of the bearing supports. In this 
machine both flexible supports are free 
to vibrate at all times. Another advan- 
tage is that the rotor may be balanced 
in its own bearings, the bearings being 
supported on flexible supports. The nec- 
essary corrections for balancing may be 
obtained in twenty seconds. 

Another type of balancing machine 


uses electric pickups at either end of 
a cradle holding the rotor, the cradle 
being pivoted at one of the correction 
planes. As the cradle vibrates horizon. 
tally about the pivot because of an un- 
balanced rotor, an alternating voltage is 
generated in the pickup at the opposite 
end of the cradle. The alternating cur. 
rent is rectified by a cam type commu. 
tator. The cam has two 180 deg. dwells 
and two sets of contacts 180 deg. apart 
are operated by the cam. The cam 
turns with the rotor being balanced. As 
the cam rotates it opens and closes the 
contacts each 180 deg. thus reversing 
the alternating current for 180 deg. of 
each cycle. If the cam is reversing the 
positions of the contacts at the instant 
the alternating current is zero two half 
positive sine waves result as in Fig 
8(A) and a d.c. microammeter will 
read a maximum. If the cam is reversing 
the position of the contacts at the instant 
the alternating current wave is a maxi 
mum, that is, 90 deg. later, the resulting | 
ammeter current will be zero, Fig, 
8 (B). For any other position of the 
cam an intermediate value of current is 
read on the ammeter. 

The location of the contacts relative 
to the cam may be shifted and as they 
are rotated a graduated scale of angles 
revolves with the contacts. Thus by 
moving the contacts until a zero reading 
is obtained the angle of unbalance can 
be read on the angle scale under a 
properly placed index. Then by mov 
ing the contacts 90 deg. a maximum 
reading is obtained and the magnitude 
of the ammeter current is a measure of 
the amount of unbalance in the un 
pivoted correction plane. By pivoting 
the other correction plane and allowing 
the first correction plane to be free 
and repeating the procedure the other 
correction weight may be determined 
It should be recalled that in both types 
of balancing machines using electrical 
pickups two angles and two weight: 
must be determined. 


Fig. 8—Graphical illustration of resulting ammeter current when alternating curren 
is rectified by 180 deg. cam type commutator. (A) When cam reverses contacts d 
instant the alternating current is zero, two half positive sine waves result producint 
a maximum ammeter reading. (B) When cam reverses the positions of contacts at tl 
instant the alternating current wave is a maximum the resulting ammeter reading is zer! 
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CLAD STEEL 


Stainless clad steel is a fabricating material available in plates, sheets, and strip coated 


on one or both sides. Numerous alloys are being combined successfully. 







Thickness of 


cladding is commercially practical, up to half the total thickness of sheet or plate. 


ADVANTAGES 
(1) Hard working surface and/or corrosion and oxidation-resisting sur- 
face backed by mild steel having good mechanical properties and work- 
ability. 
(2) Lower cost than solid stainless steel when used clad on one side. 
(3) Greater thickness than is practical by electroplating, metal spraying, 
or by impregnation by heat-treatment, and greater protection and resistance 
to penetration, particularly important where periodic cleaning is done by 
scraping or picking. 
(4) Better heat transfer than through solid stainless. Bond zone between 
cladding and base metal is no obstruction to heat transfer. 
(5) Conservation of chromium and nickel for defense. 


Table I—Tensile Properties of Clad Metals 


(RADEKER AND SCHONE) 























Yield Ultimate 



















Thickness Strength Strength Elongation 
Material inches Ib. per sq. in. | lb. per sq. in. percent 

Base Metal 

Boiler plate......... 0.283 30,000 53,500 
Coating material 

18-8 Cr-Ni steel.... 0.031 10,000 88,000 41.5 
Clad metal 

Experimental value. . 0.315 31,300 51,100 7.2 

Calculated value....} — ..... 31,000 56,600 2.3 





Higher strength base metal is available in carbon steel having a physical 
value of 70,000 Ib. minimum and 40,000 lb. minimum yield strength. If still 
higher tensile properties of base metal are desired, low alloy steels such as nickel 
^ pee steel, chromium-copper steel, or chrome molybdenum steel should 

used. 


— — A — — — — — —— — — — — 


CHOICE OF CLADDING 


(1) Same as in selecting solid alloys. Commercial claddings vary from low 
straight chromium to complex nickel-chromium alloys with various other 
elements such as columbium, titanium, and molybdenum added for special 
properties. 

(2) Choice between integrally and intermittently welded types is essentially 
à matter of cost comparison, according to T. S. Fitch, Jessop Steel Company. 
Intermittently welded type is generally more economical for plates over 1 in. 
thick. Integrally clad type is most economical for sheets and plates under 
a half inch thick. From % to 1 in. they are fairly even. Both types have 
amply proved themselves with respect to quality. 
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DISTORTION—WARPING—Stresses due to 
difference in coefficient of expansion of clad 
steel components produce no change in shape 
under 400 deg. F. Distortion tendencies dur- 
ing heating seem to be self-corrective both in 
flat plates and welded construction. In cooling 
there is no distortion above 600 deg. F. but 
from 600. to 400 deg. F. a change in shape 
occurs. In welded equipment this may be 
held within commercial limits by cooling 
through this range slowly. 

In operating units which must pass through 
this range frequently, and often quickly, 
change does take place. However, design may 
be such that efficiency of operation is unaf- 
fected. There is no evidence that continued 
heating and cooling render a unit inopera- 
tive. Such heat changes have no effect on 
the union of components, 


FABRICATING PERFORMANCE — Sheets 
and plates of stainless clad steel are generally 
easier to fabricate than solid stainless steel. 
Clad plates and sheets may be bent, spun into 
deep heads, and drawn without damage. They 
can be subjected to much more severe cold 
working without annealing than the same 
gage solid stainless. This is especially true 
of material clad on both sides. Fully annealed 
clad behaves more like ordinary boiler plate 
than like solid stainless. 


COLD FABRICATING — Rolling, bending, 
braking, flanging, shearing, punching, and 
like operations may be done in the same man- 
ner as on ordinary steel or solid stainless. 
Best practice is to keep the clad side up to 
avoid gouges and scratches. This is especially 
advisable when punching and shearing. 

Steel clad on both sides with 18-8 stainless 
has been deep drawn into a cup 6 in. in dia. 
and 7 in. deep with a uniformly thick coating, 
in three draws with no anneals between 
draws. The same cup made of solid stainless 
required four draws with an anneal between 
the second and third draw. In some in- 
stances the performance of armored steel in 
the draw press has enabled both a speeding 
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up of operations and larger draws without any 
increase in press power or size. 


HOT FABRICATING —The same method of 
preliminary heating is used as with solid 
stainless. In hot braking. stainless clad steel 
plate should be held under the press until 
cold. If rolled hot, it should be rolled back- 
ward and forward until cold. Cold fabricat- 
ing is generally preferable to hot fabricating. 


MACHINING—A cobalt type high-speed tool 
gives most economical results in spite of 
higher original cost. Clad steels are easier to 
machine if they are fully annealed when sup- 
plied by the fabricator. 


HEAT-TREATMENT—The value of proper 
heat-treatment is sometimes under-estimated, 
particularly on non-stabilized 18-8 stainless 
clad steel. After fabrication stabilized clad 
may be stress-relieved at the usual tempera- 
tures but non-stabilized clad steel must 
1.250 deg. F. By 
increasing the time at the temperature, weld. 
ing and machining stresses in the backing 
metal may be relieved as low as 1.100 deg. F. 

If stabilized alloys are used as cladding. 
such as columbium or titanium bearing 18-8 
grades, it is not anneal 
after fabrication to correct possible carbide 
precipitation which may have taken place dur- 
ing metallic arc welding. There is also con- 
siderable evidence that molybdenum bearing 
18-8 grades, types 316 and 317, need not be 
annealed after fabrication so far as carbides 
are concerned. 

To correct precipitated carbides in the un- 
stabilized austenitic grades, they should be 
heated uniformly at approximately 1,925 deg. 
F.. not under 1.850 deg. F.. and then cooled 
quickly so that the stainless portion loses 
color within three minutes, The 12 and 17 
percent chrome grades may be air-cooled from 
1.450 deg. F. for softness, but should be fur- 
nace-cooled from a like temperature for opti- 
mum properties, 


be stress-relieved below 


necessary to 


SURFACE CONDITION—Surface condition 
of cladding is comparable to that of equivalent 
solid stainless steel. Polishing is usually 
easier because the cladding is slightly softer 
and more speed is possible because the mild 
steel portion acts as a chill plate. 

The surface of the backing steel is usually 
not as good as the finish of ordinary mild 
steel plate. However, the scale is usually 
fairly easy to remove and the surface takes 
paint well and gives a good appearance. 


GRINDING AND POLISHING—Grinding and 
polishing by hand is practical on relatively 
small articles, such as lamp reflectors, on 
tanks or vessels where an optically uniform 
finish is not essential, and to finish welded or 
s.idered joints, Hand grinding is not recom- 
mended where a comparatively large area has 
to be finished uniformly. Such surfaces should 
be polished prior to fabrication or special 
equipment may be required. 
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Special No. 1 finished cladding should be washed dow: with 


CLEANING 
warm 5 percent nitric acid solution after fabrication to insure clear lines 
and proper corrosion resistance. Excellent liquid and powder cleaners ar, 
It is good practice to clean finished polished article 
even though they may appear clean to the eye. It is always possible tha 
polished surfaces may have a little grease, oil dirt or other contamination 
on the surface which may later cause discoloration. 


also available. 


“RAW EDGE” TREATMENT 


(1) Where stainless clad steel is used only for protection against hari 
usage, it is usually satisfactory to paint the edges. 
(2) Up to and including 14-gage sheet, the edges may be crimped. 
(3) Closed tanks require no special consideration since joints almost invari 
ably are butt welded. 
(4) The edges of heavier gages may be covered with stainless by any con 
venient welding method. 
(5) Often a stainless clad flange may be incorporated into a design. 

The problem of exposed edge of strip is being taken care of by beading 
the raw edge under the surface of the stainless. 


GAS CUTTING—Gas cutting is practical only when the pattern is sub 
sequently sheared or machined to remove the embrittled portion of th 
cladding. The embrittlement usually extends into the plate a distance equal 
to the thickness of the plate. Oxacetylene cutting has been used succes. 
fully for beveling the mild steel portion prior to are welding. 


WELDING—Welding technique for all types of clad steels has been highh 
developed. ^ Detailed specifications for proved procedures have been 
accumulated and agreed upon by major producers of clad steels. ۷ 
American Welding Society’s new handbook, which will become availabl 
sometime after January 1, 1942, is expected to contain the most complet 
data yet published on welding clad metals. 

Special precautions are generally recommended to prevent contaminating 
stainless with mild steel, thus producing brittle zones and causing carbid 
precipitation at the grain boundaries which reduces corrosion resistance 
Continuity of the stainless must be maintained through the welds as wel 
as through all joints. 

\ relatively simple lined vessel can usually be built more cheaply h 
resistance welding, whereas a complicated vessel can usually be made u 
cheaper with an integrally clad steel. 

Welds made by the various proved methods surpass minimum require 
ments of. A.S.M.E. and A.P.I. codes for unfired welded pressure vessels. 


SOLDERING— The same precautions and procedure is specified for solder 
ing stainless-clad sheet as for solid stainless. Generally speaking, goo 
soldering requires special fixtures, and as it is difficult to effect a nei 
uniform joint, welding is preferred if practical. 

In soldering a copper or bronze fitting to a stainless-clad sheet, silver 
soldering is the best method. Fluxes were made available recently whic 
break down at a relatively low temperature, and which produce a fluxin 
action at the lowest melting point of any of the silver solders. At lead 
one of these fluxes is miscible in water, making it advantageous in vertical 
or overhead soldering. Polished surfaces should be roughened slightly br 
etching with warm 10 percent nitric acid solution for about three minutes 


SIZES AVAILABLE 

Stainless clad plates are available in practically all sizes in which soli 
stainless plates are available. Sheets are available as light as 21 gag 
but 18 gage is normally the lightest gage made in commercial quantitie 
Sheet clad on both sides is available from at least one manufacturer in 2 
gage. Requirements beyond this range are not impossible and should k 
referred to mills for consideration. 

Sheets up to 70 in. max. width by 260 in. max. length are availabl 
although the lighter sheets may be somewhat smaller. Plate thickness ! 
limited only by the maximum available in carbon steel plate. Plates over 51 
thick are made almost entirely by the intermittent welding method. Wides 
clad plates are approximately 156 inches and the longest are about W 
inches, 
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MALLEABLE CAST IRON 


Malleable iron is produced by subjecting white cast iron to a relatively long heat treatment to convert 


the combined carbon into free temper carbon, which is a form of graphite. 


Outstanding characteristics 


of malleable iron are its ductility, shock resistance and strength, ease of machining, and corrosion 


resistance. Pearlitic malleable iron, which contains some combined carbon, is also used where higher 


resistance to abrasive wear is required. 


but lower ductility or ease of cutting. 


A LARGE PERCENTAGE of malleable iron pro- 
duction is used for automotive parts such as 
steering gear housings, differential cases and 
carriers, rear axle housings, spring hangers, 
and other parts. Defense equipment is now 
taking large quantities. 


Most MALLEABLE IRON is bought on specifica- 
tions based on tensile strength, yield point 
and elongation. These properties can be 
varied, though not independently, by changes 
in carbon content. If pearlitic malleable is 
to be used, then further changes can be made 
by appropriate selection of heat-treatments. 
Considerable ingenuity has been exercised 
independently in developing heat-treatments 
and compositions in the pearlitic malleable 
irons to retain ductility with desired higher 
tensile strength. 
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It shows higher strength, yield point, and fatigue resistance, 


Its rigidity is considered in many applications. 


Table I—Physical Properties of Malleable Iron 







, ۲ i A47-33 A197-39* 
AS.T.M. Specification.............. Grade Cupola 
35018 Iron 





Tensile strength, psi................ 45,000 





Yield point in tension, psi........... 37,500 35,000 
Elongation in 2 in., percent......... 22 8 
Modulus of elasticity, psi.: 

a 25,000,000 | 25,000,000 21,800,000‏ مه تا ۳۳ 

pO ee ee errr rere 12,500,000 | 12,900,000 ] ........... 
Ultimate shearing strength, psi...... 48,000 43 ۱ 
RR ان ی‎ 0.17 UNDE aeccecoza 
Yield point in shear, psi............. 23,000 SPE Leasecscops 
Modulus of rupture in torsion, psi.. . . 58,000 OOOD i E 
Brinell hardness number... .......... 3036 سای‎ —— 110 
Cherpy impact value, ft.-lIb. ........ 16 12 5 
Izod impact value, ft.-lIb. ........... 16 12 8 
Fatigue endurance limit, psi......... N ..uouesosll 9unépyhuesss 
Shrinkage allowance, in. per ft....... 1/8 MB PORT 





* See also ASTM Tentative Specification A220—39T. 

Tensile properties in the first three lines refer only to standard test specimens 
and not to specimens machined at random from any part of a casting. Other 
data in the table are not included in the ASTM specification. 

Grade 32510 is not as strong as 35018 but is more easily cast in light sections 
and does not require as large feeding heads because its higher carbon content 
increases fluidity and lowers internal shrinkage, one authority has stated. It 
has adequate strength for nearly all general use and has been Land to machine 
more satisfactorily than the stronger grade. 





STRENGTH 


Malleable iron castings seldom fail under 
compression or transverse loading because 
the material flows indefinitely, being made 
useless by deformation before fracturing. 
Malleable iron takes a permanent set of 1 
percent at about 28,000 lb. per sq. in. in 
compression. 

Tensile strength decreases as the carbon 
content increases, in general. Increase in 
temperature has no effect up to 800 deg. F. 
but strength drops rapidly above this tempera- 
ture. At 1,200 deg. F. it is only 20 to 25 
percent of normal temperature strength. Elon- 
gation also rises rapidly. 

Decreases in unit tensile strength with in- 
creasing diameter of section are approximate- 
ly proportional to the cube of the diameter 
and decreases in elongation are proportional 
to the 5/2 power of the diameter. 

(Continued on next page) 
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SAFETY FACTOR—Little extra for 
safety to offset the “factor of ignorance” 
introduced into engineering 
calculations because of uniformity in 
structural composition. Blow holes or 
non-metallic impurities rarely occur. 


need be 


MACHINABILITY — No ferrous ma- 
terial of equal tensile properties can be 
machined with equal speed and tool life. 
Threading and other machining opera- 
tions on pipe fittings are performed at 
high speed. To obtain desired machin- 
ing speeds, as well as smooth, accurate 
threads and surfaces, a higher carbon 
malleable iron produced with some sac- 
rifice in ductility and strength is much 
used for pipe fittings, according to one 
authority. Another that the 
anneal, rather than the original carbon 
content, is the factor having the great- 
est effect on machinability. 


reports 





PUNCHING Punching is a simple 
operation because of extreme ductility. 


CASTING DESIGN—The same principles apply as for good steel castings. 


A 34 in. hole in a 54 in. plate can be 
enlarged by drifting to 14% in. without 
developing incipient cracks. 


CORROSION—The 
sistant properties of malleable iron as 
compared with other ferrous products 
are well known from observations of 
castings which have seen service many 
years, such as fittings on iron fences 
and tie plates in railroad track service. 


excellent rust-re- 


WELDING Malleable iron cannot be 
successfully welded because the temper 
carbon reverts to the combined form. 
For the same reason it should not be 


used at temperatures 1.200 to 
1.300 deg. F. 


above 


BRAZING — Malleable can be 
brazed with Tobin or manganese bronze 
Surfaces to be brazed should be 
fitted 


iron 


rod. 
cleaned thoroughly and tightly 
together before brazing. 


FLAME HARDENING—Surface hard 
ening can be done successfully with 
the oxyacetylene flame, Stephen Smith, 
Air Reduction Sales Company told th 
American Foundrymen's Association 
last May. 

Rockwell hardness of C42 to C58 ha 
been produced on various malleabk 
types. File hardness can be obtained 
at Rockwell C55 as compared with C6 
required for steel. Maximum hardnes 
is obtained by heating about one mip. 
ute and quenching. Too long or to 
rapid heating are detrimental. 

Parts should be designed with flam. 


hardening in mind for best results | 


Flame hardened sections should be un. 
form in thickness and simple in shape 


Large surfaces with projections ove] 
1/16 in. high should be avoided whe | 


progressive hardening is required 


Where hardness in corners or groove 
is desired generous fillets should be in. 
troduced. Unequal heating and cooling § 


Lie 


causes warping. 


The average section used is about 5 in. Mall. 


able iron can be cast in practically any required section, however, and patterns may be designed to minimiz 


machining. 


Most satisfactory castings from the standpoint of quality, service, and economy will result fron 


heeding the following design hints whenever practicable, although they are not prerequisites. 


Sections—Make as uniform in thickness as possible, avoiding abrupt changes in section by using a gradual 
taper or ribs so as to reduce heat and stress concentration. 


Rips 


to feed metal through to heavy parts. 


FILLETS 


Make as large as possible. 


RE-ENTRANT ANGLES—Should be avoided. 
]( PocKETs AND SMALL REcEssES—Should be avoided. 


LOCATING POINTS 


TOOLING 


which have no finish 


Locate ribs where they can be fed and, when they connect light and heavy sections, make them thick enough 


Should be held to one side of parting to eliminate trouble in machining. Drawings should sho: 
machine shop locating points. 


FixrUREs— Dimensions allowance and are held to close limits should be con 


sidered as proper places from which to start development of tooling fixtures. 


DIMENSIONS 


CHOICE OF DESIGN 


Should not be held to closer tolerance limits than necessary on account of warpage. 


If there is an opportunity to choose between a single large, light-weight cored or intricate 


casting and an assembly of two or more smaller ones, the latter is preferred. If quantity justifies, strengthening die 
may be employed to correct warping. Other factors in design are the possible use of a coining press, which elim: 
nates many finish allowances. or the use of disk grinding operations with reduced finish allowances. 


ALLOYS—Few alloying elements have 
proved practical. Only copper and 
perhaps molybdenum have so far been 
of any importance. Copper somewhat 
facilitates annealing. improves strength, 
and to some extent, ductility when pres- 
ent in an optimum amount of about one 
percent. A 2.3 percent carbon iron con- 
taining 0.20 percent molybdenum and 
0.5 percent copper has a yield point of 
10.000 Ib. per sq. in. or more, and an 
equivalent increase in tensile strength. 
Elongation is not affected. These alloys 
can be hardened with considerable in- 
crease in strength and indentation hard- 
ness, and little effect on ductility. 

If melting and casting practice allows 
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as much as 1.5 percent silicon in the 
white iron, physical properties similar 
to those produced by alloys of copper 
molybdenum can be had in fully an- 
nealed iron, it is reported. The use of 
an increased silicon content in the pres- 
ence of molybdenum also seems to have 
some merit. A strengthening effect re- 
sulting from small additions of alumi- 
num has been reported in one applica- 
tion. It is also possible to alloy malle- 
able iron with enough chromium and 
aluminum to permit of nitriding. 

One investigator found optimum 
strength in an alloy containing 0.84 per- 
cent chromium and 1.57 percent silicon 
but reported no way to prevent a drop 


in ductility. The additions were mat 
for wear resistance. Elastic limit it 
creased to 62,500 lb. per sq. in. an 
hardness increased but elongations de 
creased with increases of chromium. 
Specifications for alloyed malleabk 
iron should not be written by the co? 
sumer without consultation with th 
prospective producer. The effect o 
alloying is somewhat complicated am 
the practicality of adding particula 
alloys depends upon productio 
methods, especially when the alloying 
would have an effect upon the hed 
treatment. Alloy additions not consistent 
with a producer’s experience and prat 
tice may thus prove unobtainable. 
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LAMINATED PLASTICS 


Produced through the reaction of pressure and heat upon plies or layers of paper sheets or fabric that 


have been impregnated with heat-hardening varnish, laminated phenolic materials because of their hard- 


ness, water and heat resistance, mechanical and dielectric strength, and chemical inertness are being used 


for many parts which were formerly made of steel, iron, aluminum, brass, bronze, lead, wood, rubber, 


glass, asbestos, porcelain, leather or paper. 


KINDS OF SHEET MATERIAL USED FOR LAMINATED STRUCTURE 


Paper, linen, cotton fabric, canvas, asbestos paper and cloth, glass cloth, paper plus cloth and mica plus 
paper are all used as filler materials. Each base material, of course, has properties peculiar to itself which 
when combined with various kinds and varying percentages of resinoid binder: make the finished lam- 
inated material suitable for specific fields of application. 


PAPER BASE GRADES, because of their 
electrical properties. find wide applica- 
tion for electrical equipment and radio 
parts in the design of which insulation 
value and resistance to moisture are im- 
portant, and at the same time mechan- 
ical strength and impact resistance 
properties are secondary. The presence 
of the paper layers increases the tensile 
and compressive strengths considerably 
above those obtained with the resinoid 
alone. 


FABRIC BASE GRADES have higher phys- 
ical strength properties than the paper 
base grades and consequently are used 
for parts in which strength is the deter- 
mining factor as in gears, cams, bear- 
ings and levers. 


CANVAS BASE LAMINATED has high com- 
pressive and tensile strength and shock 
resistance. This material is often used 
for gears on motors driving heavy ma- 
chinery because it can absorb the 
stresses set up during starting. stopping 
and reversing operations. Gears made 
of laminated phenolic materials are 
light in weight as compared to gears 
made of metal. Therefore, the inertia 
forces inherent in starting and stopping 
high-speed machines can be reduced 
through the use of gears made of lami- 
nated plastic materials. These materials 
are also not affected by temperature 
changes, exposure to oil, water, or to 
many corrosive chemical atmospheres 
or solutions. 

Gears made of laminated material 
should always mesh with cut metal 
gears. The width of the face of the 
metal gear should never be less than 
that of the laminated gear. Allowance 
for backlash must be made when cut- 
ling the teeth and during assembly, 
otherwise, the teeth may wedge because 
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APPLICATIONS 


Grooved pulleys 
Breaker strips 


Drop hammer boards 
Rotary pump vanes 
Fan blades 
Tank linings 
Washers 


Bearings—-Gears 
Electrical parts 
Suction box covers 
Shaker springs Instrument panels 
Heads and frames of plating barrels 
Covering for paper machinery rolls 
Decorative purposes and furniture 
Pipes for the chemical industry 
Pump valves and piston rings 
Blocks for mounting engines 
Spinning buckets for rayon 
Sheathing for metal bars 
Rail joint insulators 





of thermal expansion and thus break 
down the tooth structure, spread the 
laminae or change the tooth profile. 


LINEN FABRIC makes an impact resistant 
product that has a close structure so 
that when machined it has a fine grained 
appearance. Linen base materials are 
particularly suitable for cut gears of 
small face dimension and also for 
punched parts because the close tex- 
ture can be cut with clean smooth 
edges. 


ASBESTOS BASE MATERIALS because of 
their high inorganic content are more 
resistant to flame and slightly more re- 
sistant to heat than the other laminated 
grades. These materials are character- 
ized by low water absorption and high 
dimensional stability. 


RUBBER LAMINATED is a special mate- 
rial consisting of layers of soft rubber 
“sandwiched” between sheets of phe- 


laminated. Many combinations 
are possible. The thicknesses of the 
layers may be varied as well as the 
number of alternating layers of rubber 
and laminated material. Rubber lami- 
nated is sometimes used for vibration 
absorption mountings where resiliency 
and sound-deadening qualities are de- 
sirable. 


nolic 


GLASS FABRIC BASE MATERIAL is a recent 
development, it is suitable for mechani- 
cal and chemical applications. Glass 
fabric base material has high impact 
strength and resistance to cold flow. 
Since glass is attacked by most alkalies, 
glass base laminated is not desirable 
for applications where alkali-base ma- 
terials are present, however, its acid 
resisting properties are excellent. 


MICA PLUS PAPER LAMINATED MATE- 
RIALS are used for many parts where 
heat-resisting and electrical insulating 
properties are required. These proper- 
ties increase in value as the proportion 
of paper in the combination decreases, 
however, mechanical strength and ma- 
chining properties improve as the paper 
content increases. 


STANDARD FORMS AND SHAPES— 
Sheets and plates are made in sizes up 
to 50x110 in. Thicknesses range from 
dr up to 2 inches. 

Tubes are either rolled or molded. 
Rolled tubes are made by winding the 
material on a mandrel under heat and 
pressure, and are usually baked while 
thus mounted. Molded tubes are also 
wound on a mandrel but the heat-treat- 
ment is applied in steel molds which 
size the outside diameter of the tube. 
Tubes are made in lengths up to 120 
in. inside diameters range from is 
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up to 72 in. with x: to 1% in. wall 
thickness. 

Paper base rolled tubes generally 
have better dielectric strength, power 
factor and dielectric constant than 
molded tubes, however, moisture ab- 


erally recommended. 


sorption is usually higher. Where con- 
centricity of outside and inside diame- 
ters is important rolled tubes are gen- 


Rods of circular section are made by 
winding the impregnated fabric on a 


wire and then molding after the wir. 


is withdrawn. Rods can also be ma. 
chined from cut sheet or plate stock. 

Special shapes include rods and tube 
of non-circular section, also angle and 
channel sections. 


GENERAL PROPERTIES OF LAMINATED PLASTICS 


PHYSICAL. Dense solids of uniform structure free from variations. Surface 
is generally smooth, can be produced with a high lustre. When cut at right 
angle to filler material the laminations are visible. 


Colors are usually black or natural brown. With color printing process 
it is possible to produce pictorial and design effects on the surface at time 
of fabrication. The translucent and graphic laminated materials can be 
produced in any of several colors. 


Need no surface finish such as paint or varnish, plating or polishing. 


Table I—Properties of Laminated Plastics 
(Data furnished by the Bakelite Corporation) 











All types Typical Averages 
> 
PROPERTIES - Paper Fabric 
Minimum | Maximum Base Base 
Specific در‎ 1.32 1.41 1.36 1.38 
EMEN au Nil Nil Nil Nil 
Water absorption, 24 hr. 
Sample 1X3X1/8 in., percent . 0.2 3.0 0.5 0.9 
Resistance to heat, safe limit for 
constant temp. Deg. C....... 90 150 125 110 
005 SPRERTS 194 300 257 230 
Hardness, sample flatwise 
iis Reins gates aie eis 30 40 40 38 
IIIB. ons woes ceeds ave 70 94 80 72 
Coefficient of expansion, sample 
lengthwise, per deg. C........ 0.00002 | 0.00003 | 0.00002 0.00002 
Tensile strength, ultimate, lb. 
Sree 8,500 24,000 12,000 10,000 
Modulus of elasticity from flexure 
test, Ib. ger eg. in............ 100,000 |2,500,000 {1,500,000 | 1,000,000 
Flexural test, ultimate strength, 
Ib. per sq. in. 
Sample flatwise.............. 13,000 30,000 21,000 20,000 
Sample edgewise............. 12,000 24,000 20,000 20,000 
Compression test, ultimate 
strength, lb. per sq. in. 
Sample flatwise.............. 30,000 40,000 30,000 10,000 
Sample edgewise........... 18,000 35,000 18,000 22,000 
Shearing test, ultimate strength, 
Ib. per sq. in. 
Sample flatwise.............. 7,000 11,500 10,000 9,000 
Sample edgewise............. 8,000 10,000 10,000 9,000 
Dielectric strength, short time 
test, volts per mil thickness 
5 400 900 100 450 
F TO 400 1,400 900 550 
Dielectric constant, 10° cycles 
BEEN ig Oo She aaa 4.5 6 4.5 5.5 
Power factor, 10* cycles per sec.. 0.020 0.10 0.035 0.08 
Volume resistivity, ohm per cm.. 1010 10" 101 1019 








Values given in this table under the heading '* All Types "' are shown for the 
urpose of indicating extreme results of tests from samples made with paper, 
inen, canvas and asbestos bases, and with various degrees of resinoid impreg- 
nation. The values given for paper base and fabric base materials are typical 

for two specific grades. Space does permit listing here the properties of all the 
grades available. See P.E. August, 1940, p. 363 for table of Average Standard 
Properties of Laminated Phenolic Plate, based on Standard A.S.T.M. Tests. 
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MECHANICAL 


Light weight 


High tensile, compressive and 


flexural | 


strength. In general within limits the strength § 


increases as the resin content decreases. 
Impact resistant and shock absorbing, do not 
readily split or break. 


Hard, do not soften under heat, unharmed | 


by temperatures up to 230 deg. F. 
Low cold flow. 


Low thermal conductivity, low coefficient of 


expansion. 

Resilient. 

Sound and vibration absorbing. 
Wear evenly under sliding contact. 


ELECTRICAL 


High dielectric strength derived from resinoid 
binder. In general the dielectric strength im. 
proves as the proportion of resinoid increases 
Low power factor. 

Low moisture absorption. 

Low dielectric constant. 


CHEMICAL 


Completely polymerized and hardened res 
inoid binders are not attacked by most re 
agents, solvents and oils, also by most organic 
acids and dilute mineral acids. However, 
the resinoids are attacked by hot alkaline 
solutions. 

In the selection of a laminated plastic me 
terial to resist chemical action, the choice 
of the base or filler is important. Cellulose 
cloth and paper, asbestos and glass each have 
their field for chemical resistance. 

Cellulose paper is difficult to impregnate 
thoroughly. Water absorption is compare 
tively high and chemical resistance decrease 
with capacity to absorb moisture, therefore. 
material with this base should be avoided 
where resistance to chemical action is desired 

Cellulose cloth base materials are suitable 
for applications where weak acids, wed 
bases and low concentration of salts or net 
tral salts in any concentration are encour 
tered. 

Asbestos base materials should be used onl 
when strong alkaline conditions are encour 
tered or when the part is exposed to salts i 
high concentration which tend to hydroly# 
or split to alkaline radicals. Asbestos, be 
ing alkaline, is easily attacked by acids an! 
acid salts, even in low concentration. 

Glass-base is easily attacked by alkalies i 
all concentrations, but is the most acid-tt 
sistant material available. 
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LEAD COATINGS 


High-lead low-tin alloys for hot-dip coatings are becoming important in many applications as an alter- 


nate for tin plating, for high tin-lead coatings such as terne plate, for zinc galvanizing, and for tin-lead 


solder. Although ordinary hot-dip lead coatings do not adhere to sheet metal unless an undercoat of terne 


plate (80 percent lead, 20 percent tin) is first put on, a series of lead-tin alloys tradenamed “Amaloy” 


contain only 14 to 10 percent tin. Good wetting power and adhesion are obtained in these alloys by 


adding constituents amounting to a few hundredths of one percent. Process is similar to galvanizing. 


DecREASING—Oil and dirt on the part to 
be coated should be removed in hot 
caustic or electrolytic caustic cleaning 
baths. Temperature of these baths is 
between 200 and 210 deg. F. Soap 
should be rinsed off with hot water. 
Vapor degreasing is equally effective for 
removing oil films. 


Picktinc—Steel should be pickled in a 
warm hydrochloric acid pickling bath to 
remove oxides, Bright copper and other 
clean finishes need not be pickled. 


Corrosion ResistaNce—If a lead coat- 
ing over iron is scratched, corrosion will 
attack the base iron; but if a lead coat- 
ing over copper is scratched, the lead 
will be attacked. Compared with zinc, 
lead coatings are superior where com- 
mon acids are present. In other applica- 
tions over iron or steel, lead is slightly 
inferior in corrosion resistance. Lead is 
better than zinc on copper or brass be- 
cause lead is electrolytically closer to 
copper, hence electrolytic action is less. 


Density AND ADHERENCE — Low-tin 
high-lead hot-dip coatings of ordinary 
thickness have slight pin holes. Amount 
of pin holing is found to be less than 
with ordinary lead-tin alloys, and is 


Low-tin high-lead alloy coatings, as 
developed thus far, can be applied to 
almost any base metal, including steel, 
copper, malleable iron, brass. Cast iron 
can be coated only with difficulty; sand 
burned into skin causes poor adhesion 
and coverage. Principal application is 
as an alternate for zinc galvanizing and 
tin plating. Other applications are: 
AIR-CONDITIONING—Lead coatings are 
replacing high tin solders in dip solder- 
Ing and coating of copper air-condi- 
tioning coils and refrigeration condens- 
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HOT-DIPPING PROCESS 


FLuxiwc — Zinc — chloride-ammonium 
chloride flux is applied before dipping. 
the same as for galvanizing. 


DirPrNc— The part is dipped into the 
Amaloy bath immediately after fluxing. 
Bath temperature is maintained between 
675 and 750 deg. F. Alloys with higher 
tin content have bath temperatures in 
the lower end of this range. The part 
must be immersed long enough to reach 
bath temperature. Since iron floats on 
lead, parts must be forcibly immersed. 


PROPERTIES OF LEAD COATINGS 


more pronounced in air-cooled coatings 
than in quenched coatings. 


CHEMICAL PropertiEsS—Alloys for low- 
tin high-lead coatings do not attack 
steel melting pots as does zinc. There 
is no bath contamination when coating 
over copper or brass because the lead 
dipping bath does not absorb copper as 
do zine or high tin alloys. 


Forminc—Amaloy coated steel can be 
formed and bent without the coating 
flaking off. Its ductility in this respect 
is superior to that of zine coatings. 


TEMPERATURE LIMITATIONS — Amaloy 
coatings are applicable for temperatures 
up to 500 deg. F., and are good down to 


TYPICAL APPLICATIONS 


ers. Principal requirements are good 
thermal bond and corrosion resistance. 
Low temperature of lead bath does not 
take the temper out of fins, as zinc baths 
sometimes do. 


COPPER WIRE—Sulphur in rubber cover- 
ing necessitates a thin corrosion-resist- 
ant metallic coating over copper elec- 
trical wire. Amaloy coatings now being 
substituted for tin are found to stand up 
better than tin and have been approved 
by the U. S. Army Signal Corps and the 
Underwriters’ Laboratory. Coating is 








THICKNESS OF COAT — Approximately 
25-0z. of lead alloy per sq. ft. is de- 
posited. Resultant coating is 0.0006 to 
0.0007 in. thick. Slightly heavier coat- 
ings result from baths with lower tem- 
peratures. 


Cootinc—Low-tin high-lead coatings 
can either be air cooled or quenched. 
Air-cooled coatings are bright and 
shiny, quenched are dull. Quenching is 
by dipping in water or spraying. Water 
should be softened with soap. 


low temperatures. Low tin content 
eliminates brittleness and flakiness at 
low temperatures. 


ABRASION ResistaNce—Soft lead alloys 
are not recommended for applications 
where the coating is subject to abrasion. 
Amaloy is herder than pure lead. 


Paint FintsH—Practically any kind of 
paint can be applied directly over lead 
coatings. The bond is better than that 
of galvanized coating. 


WEIGHT or ALLoys—Weight of Amaloy 
alloys vary, depending upon tin content. 
Weight of 21% percent tin alloy is 703 
lb. per cu. ft.; 10 percent tin alloy 
weighs 684 lb. per cu.ft. 


wiped with an asbestos wiper after dip- 
ping to a thickness of 0.0003 in. Copper 
wire screen is also a new application 
where tin was formerly used. In this 
case the coating is slightly heavier than 
the previous tin coating, and is not 
wiped off. 


Battery HAarpwARE—Lead coatings, re- 
sistant to common acids, give good cor- 
rosion protection to storage battery 
clips, bolts, cables, and handles. For 
similar reasons, the coatings are ap- 
plied to flue-gas heat exchangers. 
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CARTRIDGE BRASS 


CARTRIDGE OR 70-30 BRASS is an alloy of 
copper and zine containing 70 percent 
copper. Due to the extensive use of this 
alloy in the manufacture of cartridge 
cases and other ammunition component 
parts more cartridge brass is being 
manufactured than all other types of 
copper-zinc alloys. 


This alloy possesses the best com- 
bination of ductility and strength of 
all the brasses. Cartridge brass has ex- 
cellent cold working properties and can 
be readily spun, drawn. forged and up- 


set. Its hot working properties are not 
as good as the higher zinc alloys but if 
in its manufacture care is taken to keep 
lead. a common impurity. to 0.05 per- 
cent or less, no difficulty will be en- 
countered. 

Cartridge brass conforms to the fol- 
lowing specifications: Sheet and Strip 
U. S. Army 50-46-1B. 57-172-1B. 57-172- 
2A, 57-173-1B; A.S.T.M.—B19, B129, 
B36; Federal QQ-B-611a and SAE No. 
70; Rod and Bar A.S.T.M. B134; Fed- 
eral QQ-B-611a. QQ-W.321: Pipe and 
Tubing—A.S.T.M. B14. B135. 

Complete mechanical properties of 
cold worked and annealed strip and 
rod are accompanying 
charts. In Product Engineering. Aug. 
1941, page 136. is given a table of the 


given in the 





R. A. WILKINS and E. S. BUNN 
Revere Copper and Brass Incorporated 


general properties of cartridge brass. 

In the cold working as well as in the 
annealing series for strip. properties 
are given for two different ready-to-finish 
grain sizes, 0.015 and 0.070 mm.. which 
represent limits commonly encountered 
in commercial annealing. Cartridge 
brass rod is commonly rendered suffi 
ciently malleable for cold drawing by 
annealing prior to cold working so as 
to produce a grain size of 0.045 mm. to 
0.050 mm. 

In brass mill terminology the anneal 
before the final cold working is called 
the “ready-to-finish” anneal and the 
grain or crystal size obtained is called 
the “ready-to-finish” grain. Commer- 
cial practice was followed in establish- 
ing mechanical properties given in all 
of the following charts. These charts, 
especially the cold worked strip series 
in Figs. 1 to 4, show that the mechan- 
ical properties are markedly influenced 
by the ready-to-finish grain size. 

In the fabrication of brass strip the 
amount of cold work performed is re- 
ferred to as the B. & S. numbers hard. 
e.g. all brass sheet and strip thick- 
nesses are based on Brown & Sharpe 
gage units. See Product Engineering, 
Oct. 1941, p. 552. for the relation be- 
tween numbers hard, percentage reduc- 





Elongation Percent in 2 In. 


Ready-to-Finish Grain Size 
1.۱ me O00/5mm. 


1000 Lb. per Sq. In. 


tion of area by cold working and com. 
mercial temper designations. 

A different range of properties is of 
course established for each number of 
hardness as shown in Figs. 1 to 4. This 
range is typical of commercial produc. 
tion and as such is recognized in com. 
mercial specifications. Control of the 
ready-to-finish grain size from one lot 
to another for a given amount of cold 
work is essential in securing identical 
properties in strip brass or cartridge 
brass, Fig. 2 shows that material hay. 
ing a ready-to-finish grain size of 0.015 
mm. and cold worked 3'numbers ha: 
the same tensile strength as material 
with a ready-to-finish grain size of 0.070 
mm. cold worked 5 numbers hard. 

The influence of the ready-to-finish 
grain size on material which has been 
cold worked 6 numbers (50 percent 
reduction) and then annealed (Figs. 5, 
6. 9 and 10) is less marked but never- 
theless as important, Material having a 
ready-to-finish grain size of 0.070 mm. 
has consistently lower mechanical prop. 
erties at the given annealing temper. 
atures than material having a ready-to- 
finish grain size of 0.015 mm. Grain 
growth has taken place more rapidly 
in the material having the larger “ready- 
to-finish” grain size. 





Ready-to-Finish Grain Size 
— — 005 

















Rockwell Hardness Vie In. Ball-F 60 Kg.Load- B 100 Kg.Load 


11.0 20.7 294 372 440 500 555 605 648 686 
(I) Percent. Reduction of Areq 


by Rolling 





B.& S. Numbers Hard 


Fig. I—Effect of cold working on the Rockwell F and B hard. Fig. 


ness and percentage elongation of cartridge brass strip having 


two different ready-to-finish grain sizes 
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fe — 0.070mm. 


11.0 207 294 312 44.0 50.0 555 605 648 686 
(1) Percent Reduction of Area by Rolling 











4 6 8 10 
B. & S. Numbers Hard 


2—Effect of cold working on tensile strength and apparent 
elastic limit of cartridge brass strip. Ready-to-finish grain size 


has considerable effect on these properties 
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| CARTRIDGE BRASS STRIP 
| Ready-to-Finish Grain Size 0.015 mm! 
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Percent Reduction! of Area by Rolling 
10 207 294 322 440 500 555 605 648 686 
0 2 4 6 8 10 
B.& S. Numbers Hard 










Fig. 3—Effect of cold working on yield strength of cartridge 
brass strip having a ready-to-finish grain size of 0.015 mm. A 
comparison with Fig. 8 shows the effect of differences in ۷۰ 
to-finish grain size 


CARTRIDGE BRASS STRIP 


Code 
Ready-to-Finish Grain Size 
015 mm. 
0.070 mm. 
120 Cold Rolled 6 Band S D Hord 
( 50 Percent Reduction ) 


5 Rockwell B 
0 hardness 


= a 
3 را‎ TE. 
Te ae EL 
[ 14 " “Elongation, mm | ft | 


20 percent 
in 2 in. 


Rockwell Hardness - /ie In. Ball — F 60 Kg. Load — B 100 Kg Load 
S 


400 600 800 1000 1,200 1400 
Annealing Temp., Deg. F. (1 Hr. at Temp.) 


Fig. 5—Rockwell F and B hardness and percentage elongation 
0f cartridge brass strip as affected by ready-to-finish grain size 
and by annealing after cold rolling to 6 B. & S. numbers hard 
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Code 
(D 0.10 percent yield strength (off-set) 


e 0.20 " » ” ( ” ) 


(extension) 








1000 Lb. per Sq. In. 
œ 
e 














Percent Reduction of Area by Rolling 

11.0 207 294 372 440 500 555 605 648 686 

2 4 6 8 10 
B.& S. Numbers Hard 








Fig. 4—Effect of celd working on yield strength of cartridge 
brass strip having a ready-to-finish grain size of 0.070 mm. A 
comparison with Fig. 7 shows the effect of difference in ready- 
to-finish grain size 


CARTRIDGE BRASS STRIP 


Code 
Ready-to-Finish Grain Size 
سس‎ 0.015 2 

——2 (0.070 m 
Cold Rolled 6 B ond S Kadare Hard 
( 50 Percent Reduction ): 


EAE CCE 
۷ 


,ilensile strength M: 


"S 
R im — 
LL IL e 


7 elastic limit 


+ 





400 600 800 1,000 1,200 1,400 
Annealing Temp., Deg. F. (1 Hr. at Temp.) 


Fig. 6—Tensile strength and apparent elastic limit of cartridge 
brass strip as affected by ready-to-finish grain size and by anneal- 
ing after cold rolling to 6 B. & S. numbers hard 
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Code 
Ready-to- Finish pe Size 
— COO mm. 
Cold Rolled 6 B and S Numbers Hard 
(50 Percent Reduction ) 


Grain Size — mm. 





900 1,000 1,100 1200 1300 1,400 


Annealing Temp., Deg. F. (1 Hr. at Temp.) 


Fig. 7—Grain growth of cartridge brass strip as affected by 
ready-to-finish grain size and by annealing after cold rolling to 
6 B. & S. numbers hard 


CARTRIDGE BRASS STRIP 


Ready-to-Finish Grain Size 0.015 mm. 
Cold Rolled 6 B and S Numbers Hard 
(50 Percent Reduction) 
Yield Strengths 


1000 Lb. per Sq. In. 


0 400 600 800 1000 1200 8 
Annealing Temp., Deg. F.(1Hr. ot Temp.) 


0 


Fig. 9—Yield strength of cartridge brass strip having a ready- 
to-finish grain sizs of 0.015 mm. as affected by annealing after 
cold rolling to 6 B. & S. numbers hard. Compare with Fig. 10 
for the effect of difference in ready-to-finish grain size 
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Fig. 8—Approximate tensile strength and percentage elonga. 


tion can be determined when only hardness is known. Accu- 
racy is within the indicated limits 


CARTRIDGE BRASS STRIP 


Ready-to-Finish Grain Size 0.070mm! _ 
Cold Rolled 6 B and S Numbers Hard 
(50 Percent Reduction) 
Yield Strengths 


Code 
@) 0.70 percent yield strength (off-set) 


@ 0.20 


1,000 Lb. per Sq. In. 


0 
0 400 600 800 1000 1,200 1,400 
Annealing Temp. Deg. F. (1Hr. at Temp.) 


Fig. 10—Yield strength of cartridge brass strip having a ready- 
to-finish grain size of 0.070 mm. as affected by annealing after 
cold rolling to 6 B. & S. numbers hard. Compare with Fig. 9 
for the effect of difference in ready-to-finish grain size 
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and percentage elongation of cartridge brass 








: - Max. Dia. 1 In. 
Ready-to-Finish Grain Size 0045 mm: 
Yield Strengths 
90 
80 
. 10 
5 
d 
O 60 
L 
8 
a 
و‎ 50 
4 
z 
30 
20 Q20 percent yield strength (off-set) 
» ( » ) 
(extension) 
10 
0 a 
0 10 20 30 40 50 60 70 
dy. Percent Reduction by Cold Drawing 
i 
F Fig. 13.Effect of cold working on yield strength of cartridge 


brass rod as indicated by three methods 
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elastic limit of cartridge brass rod 


CARTRIDGE BRASS ROD| | | 


Max. Dia. | In. | 
Previous Reduction 50 Percent 
Ready-to-Finish Grain Size 0.045 mm. 
Yield Strengths 








Code 
020 percent yield 
strength (off-set) 
010 percent yield 
strength (off-set ) 
050 percent yield — 
strength (extension ) 








O 
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© 











1,000 Lb. per Sa. In. 





























400 600 800 1,000 1,200 
Annealing Temp., Deg. F.(1 Hr. at Temp.) 


1,400 


Fig. 14—Effect of annealing on yield strength of cartridge brass 
rod after cold working to 50 percent reduction in area 
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CARTRIDGE BRASS ROD 


¥ Max. Dia. 1 In. T Max. Dia. ! In. 
er Annealed | Annealed 
Previous Reduction 50 Percent — | _ Previous Reduction 50 Percent 
Ready-to-Finish Grain Size 0045 mm. Ready-to-Finish Grain Size 0.045 mm. 
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%ockwell Hardness - Vie In. Ball — F 60 Kg. Load — B 100 Kg. Load 
Elongation — Percent in 2 In. 





0 
500 900 1,100 1,300 500 700 900 1,100 1,300 
Annealing Temp., Deg. F. (1 Hr. at Temp. ) Annealing Temp., Deg. F.(1 Hr. at Temp. ) 


Fig. 15—Effect of annealing on hardness, percentage reduction Fig. 16—Effect of annealing on tensile strength, apparent elas. 
of area, and percentage elongation of cartridge brass rod tic limit, and grain growth of cartridge brass rod 
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Fig. 17—Effect of annealing on tensile strength, elongation and Fig. 18—Effect of annealing on physical properties of cartridge 


reduction of area of cartridge brass rod after cold working to 20 brass condenser tubing after cold working to 65 percent reduc 
percent reduction in area tion of area from a ready-to-finish grain size of 0.050 mm. 
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Plastics in Defense 


1ST LT. D. W. HOPPOCK 
Ordnance Department, U. S. Army 


As the cavernous appetite of the de- 
fense program for engineering mater- 
ials of all kinds exhaust our formerly 
adequate supplies of aluminum, mag- 
nesium, steel, and other metals, what 
can be looked for from the relatively 
new group of synthetic materials loosely 
termed, “plastics?” Have plastics, the 
modern material, a place in modern 
warfare? 

Plastics now have some, although not 
many, military uses. In warplanes, plas- 
tics are used for instrument panels, tail 
empennages, rear gunner’s turrets, and 
instrument parts. Complete vision, 
streamlined contours and protection 
from high winds is provided by the 
plastic glass used in airplanes being 
made for both our own Air Force and 
that of Britain. This plastic is relatively 
shatterproof, clear and has less than 
half the weight of glass. This latter 
feature allows for extra gas and “pay- 
load.” 


Plastic Fuselages Not Ready 


Plastic fuselages for airplanes, which 
offer the alluring possibility of rapid 
production when perfected, are far from 
military use. Strictly speaking, fusel- 
ages made to date are not “plastic.” 
They are plywood bonded with syn- 
thetic resin. Several small commercial 
models have been made, but this war 
will, it is hoped, be history before this 
method is perfected to meet the tre- 
mendous strength requirements of the 
combat plane fuselage. 

The Signal Corps, responsible for the 
supply and operation of all Army com- 
munications, uses plastics in a manner 
similar to commercial practice for parts 
of telephones, microphones, compasses, 
instruments and dynamotors, 

The Chemical Warfare Service uses 
cellulose acetate pieces in its gas masks. 
Their flexibility aids talking by wearers. 

The Quartermaster Corps, which is 
responsible for procuring most of the 
“non-fighting” items for the soldier, 
from beans to trucks, is using plastics 
for knife handles, combs, buttons, ink- 
wells, and truck accessories. These ma- 
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terials, like most other Army equip- 
ment, must meet rigid Army specifica- 
tions of resistance to heat, cold, perspir- 
ation, and steam. Our Army may have 
to operate in Arctic cold 40 deg. F. 
below zero, or under conditions 180 deg. 
above! 


Army Is Studying Plastics 


The Army is now embarked upon an 
intensive program to determine where 
plastics can be used as substitutes for 
critical and strategic materials. Particu- 
larly are the Ordnance and Quarter- 
master Departments attempting to find 
substitutes for use of aluminum and 
magnesium which are desperately 
needed by the Air Corps in the ever ex- 
panding plane manufacturing program. 
In this they are aided by the Office of 
Production Management. 

Outside of the specialized fields of 
aviation and shipbuilding, the product 
engineer is interested principally in 
ordnance items, contracts for which are 
being spread throughout the nation’s 
industry. Army ordnance engineers 
have been aware of plastics for many 
years. Under pressure of the present 
shortage of aluminum, which is used 
for fuse parts, windshields for armor 
piercing projectiles and other items 
where its high strength and light weight 
have ballistic or other important mili- 
tary advantages, Ordnance officials have 
redoubled their efforts to find substi- 
tutes among the plastics. 


Phenolics Best for Ordnance 


Probably the best plastics for ord- 
nance use, according to Lt. Col. K. F. 
Adamson of the Ordnance Department, 
are the phenolic resins. These seem to 
have the strength, dimensional stability 
and resistance to heat and cold to meet 
the specifications for ordnance items, 
such as false ogives on shells and 
bombs, and low velocity fuse parts. 
Plastic parts have not yet been stand- 
ardized for any of these items, and 
will not be until after extensive tests. 

It must be remembered that ordnance 









ammunition items must withstand the 
tremendous acceleration stress of a 
projectile moving from rest to veloci- 
ties approaching 3,000 ft. per sec. in 
gun barrels only 4 ft. long. Likewise, 
ammunition components must meet ro- 
tational stresses induced by a rotational 
acceleration from zero to 10,000 ft. per 
sec. during the same brief barrel travel. 

The best bet for the use of plastics in 
ammunition appears to be as wind- 
shields on  projectiles and bombs 
(which have no operational function) 
and as fuse bodies for the low velocity 
trench mortar shells. 

Another advantage for the use of 
plastics to replace fuse and other am- 
munition components is the release of 
metal working machine tools, for the 
end of the machine tool bottleneck is 
not yet in sight. 

The Ordnance Department has 
adopted the use of plastic bayonet scab- 
bards, and grips and handles for ma- 
chine guns and pistols. It is likely that 
plastics will, in the future, be adopted 
for miscellaneous items in and on tanks 
and artillery, such as ammunition racks, 
gunners seats, foot pedals, cases, dials 
and knobs on fire control instruments. 

A plastics engineer could make him- 
self a name within the Army by design- 
ing a plastic powder bag for large guns 
which, like silk, would completely burn 
up along with the propelling powder. 
If any residue of the powder bag is left 
burning in the gun, it is likely not to be 
completely extinguished by the cham- 
ber swab, with disastrous results when 
the next charge is rammed home. 

Another chance for fame and for- 
tune would be to improve the synthetic 
silks now being tried for parachutes, se 
that the qualities of the synthetic would 
equal those of silk for this purpose. The 
demand for parachutes for air-borne 
troops threatens to outrun the supply 
of silk—particularly under the cloud of 
our present war with Japan. 

In the final analysis, fighting material 
demands the best quality to stand up 
under the maximum stresses and strains 
of military use. Cost is a secondary fac- 
tor when the lives of our soldiers and 
the safety of our country are at stake. 
Insofar as ultimate strength and dur- 
ability are concerned, plastics are still 
in the class of substitutes for steel and 
aluminum. 

It would, therefore, seem well to look 
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to civilian products for any great ex- 
pansion of the use of plastics under the 
defense program. The beauty which is 
a common property of plastics is a com- 
mercial asset, although frequently a 
military liability. Also, maximum 
strength is not generally demanded 
commercially. 

And finally, the most inevitably, some 
sort of substitute material will have to 
be found for many commercial prod- 
ucts, simply because defense needs will 
have first priority. 


Find Minimum Dimen- 


sions of This Pipe Joint 
To the Editor: 


I am confroated with the following 
problem and would like to have com- 
ments from Propuct ENGINEERING read- 
ers on its solution: 

(1) Referring to the sketch, deter- 
mine for the ring the seating area and 
the cross-sectional area of the ring. 

(2) Determine for the seating mem- 
ber the stresses in the section, and the 
cross-sectional area required. 

The sketch shows a sealing device in 
use in piping. General dimensions of 
the members are standardized by a 
Standardization Committee of the Amer- 
ican Petroleum Institute. However, I 
have occasion to adapt this sealing 
method to other conditions in which it 
becomes necessary to make the sections 
as light as possible. This, of course, ne- 
cessitates examination of the stresses in 
the various members, particularly the 
seating member because it must give 
sufficient support to seat the ring. 

Any comments and ideas for solution 
of the problem will be welcomed. 

—J. EDWARD LOEFFLER, JR. 
Red Devil Burner Corporation 


ات 
Important‏ 
SECTION.‏ 


Springback Beyond 


Proportional Limit 
To the Editor: 


There is a rather serious approxima- 
tion, which apparently has been over- 
looked, in the theory for “Determining 
Springback” as developed in the Octo- 
ber and November series of articles by 
R. G. Sturm and B. J. Fletcher. The 
flexure formula, f, — Mc;/l is valid only 
for bending within the proportional 
limit. For bending beyond the propor- 
tional limit as is done in this problem, 
the formula should read f, < Mc,/I and 
the final formula should read 


1 1 M 
Rm EI 


where 

R, = radius of the die 

R» = final radius of the beam 

M = total internal bending moment 
when beam is against the die 

I = Moment of inertia of the cross- 
sectional area 

E, = Ratio of the stress relieved to 
the strain relieved in the extreme 
fiber when the beam is released from 
the forming die—very nearly equal 
to the ordinary modulus of elasticity 


From this inequality one would ex- 
pect observed values of R, to be less 
than calculated values—that is the die 
would have too sharp a radius. In view 
of this, painstaking calculation of M 
would seem a waste of time. Experi- 
mental data demonstrating the accu- 
racy of the author’s formula would be 
interesting to see. 

We have used a similar formula, 


1/Rı = 1/7 + 1/۵, 


in calculating dies for forming a spring 
wire. In this formula R is determined 
by a trial forming operation and is 
nearly constant over wide ranges. Thus 


Dimensions given here are standord A.P.I. 4-in. Pipe Size Joint 
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Factors in Angle Forming 


~ Springback 


in forming 0.006 in. dia. spring wire R 
increases from 0.167 in. to 0.178 in, as 
R. varies from 0.023 in. to 0.100 in. R 
varies more rapidly as R; becomes large. 

To calculate angles we use the 
formulas 


Ro 


R. * 
41 — سب و‎ or Ai = / E pa R, 


Rı 
where the angles are as indicated in the 
sketch. —P. W. Crist 

East Orange, N. ], 
To the Editor: 


We have considered Mr. Crist’s letter 
carefully and, of course, agree with 
him wholeheartedly that the formula 
f, = Mce,/I is valid only for bending 
within the proportional limit and that 
for stress beyond the proportional limit 
is no longer valid, but that f, would be 
less than that indicated by Mc;/I. How. 
ever, as we have stated in our paper 
when the original external bending mo- 
ment is released the “corresponding 
elastic stress release may be computed 
by the ordinary flexure formula.” 

The results of a great many tests on 
measuring the elastic recovery of strains 
as the applied stress is released indicate 
that the returning stress-strain curve is 
essentially parallel to the original 
straight-line portion of the stress-strain 
curve and that for most structural ma 
terials such as aluminum alloys, steels 
and copper, this straight-line relation- 
ship continues as the stress passe 
through zero and changes sign. For 
information regarding such cyclic 
stress-strain curves for various materials 
subjected to plastic deformations in one 
direction and then released, we refer to 
the article entitled “Some Stress-Strain 
Studies of Metals” by R. L. Templin 
and R. G. Sturm, published in the 
Journal of the Aeronautical Sciences, 
March 1940. We have found for practi 
cally all cases of forming structural 
members, the error involved in using 
fı = Mc,/I for the elastic springback 
is less than the probable error in the 
stress-strain curve used for the particu 
lar material considered because of the 
inherent variations in material within 
commercial tolerances. 

For the particular problem Mr. Crist 
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has mentioned, that of bending spring 
wire, it is altogether possible that the 
amount of springback occurring for this 
material and for the relatively sharp 
radii used in forming springs was suffi- 
cient to exceed the elastic limit of the 
extreme fibers. If this is the case, then 
his problem lies outside the scope of 
our paper and the method he has used 
in determining an equivalent amount 
of springback indicated by 1/R, deter- 
mined experimentally could be used to 
advantage for problems involving such 
severe bending. 

The authors wish to express appre- 
ciation to Mr. Crist for his interest in 
this problem and for his contribution 
in pointing out a case in which experi- 
mental evidence must be resorted to in 
order to obtain a solution. 

—R. G. Sturm 
B. J. FLETCHER 
Aluminum Research Laboratories 
Aluminum Company of America 


Toothless Reduction Gear 
Made in England 
To the Editor: 


The toothless reduction gear, informa- 
tion on which was requested in the 
November number of Pmopucr ENwci- 
NEERING, has been manufactured by 
Burn Transmission Ltd. and Silent 
Transmissions Ltd., England since the 
mid-twenties and has been used for ma- 
rine reduction gears, reduction gears for 
ventilating fan drives, and similar ap- 
plications. 

The manufacturers supply a drive 
incorporating a simple but ingenious 
reversing mechanism which is also gear- 
les. It can also be used as an increas- 
ing speed gear. 

An efficiency of 98 percent is claimed. 
To my personal knowledge transmis- 
sions handling up to 300 b. hp. have 
been put into service. In fact a number 
of these gears are in use in this country. 

—G. L. PEARSON 
Jacobs Aircraft Engine Company 
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Errata in Helical 
Tension Spring Tables 
To the Editor: 


In my articles “Helical Tension 
Spring Tables” which were published in 
the November and December, 1941, 
numbers (pages 631-632 and 689-692, 
there are a few errors which I would 
like to call to the attention of Propuct 
ENGINEERING readers. These corrections 
should be published in “Question and 
Comment,” and should be noted by 
every reader who is using or who may 
sometime make use of the tables. 

On page 631, Fig. 1, the formula 

Di — ——, should read D; = —— S 

i—1 i— 1 

In Table C on page 632, the same 

formula is misprinted again: 





D; = 2. X S should read D, = —— S 
i—l i—1 





On page 689, in the directions A, 
springs for static load, in item (4) of 
the solution, the equation 


ly - LR [R + (1 — T)J 


LR 
should read b = 1 7-01-77 

In the directions C for spring selec- 
tion, the given values should be “P,, i, S, 
and required /,” instead of “P,, i, | and 
required P.” l 

Finally, in the solution of directions 
C, item (2) which reads: 


“Approximate R = (l Di) — 1” 


should read “Approximate R = x — 1” 
t 
—Paur KraAMP 
East Canton, Ohio 


[Editors Note—Part IIL, which con- 
cludes Mr. Klamp’s series, is published 
in this issue, pages 59-60. | 


Can You Work This One? 


H. E. SMITH 


This month's problem— 


Allocating Nickel 


A certain amount of nickel is to be 
distributed to two companies A and B. 
It makes a difference to A of 25 lb. 
whether, in the distribution, he gets 20 
percent more nickel than B or B gets 
20 percent more than A. How many 
pounds of nickel are to be divided be- 
tween the two companies? 


Solution to December problem— 


This One’s a Pipe 


The disconsolate plumber in last 
month's problem had to determine 
where to put the second bend in the 
pipe in order to meet the condition 
shown in Fig. 1. Referring to Fig. 2, 


Let 


120—10—z 


l = length A D = 2 


=AB+BC+CD 


40 — E e. + و سا و‎ + 8) 2 
cos ó 2 
(1) 
Also 
AC = AB + BOC - AF/sin $ — 
(AE— EF) /sin ¢ 





ep + Stang = 


co 


(20-5 - scone) /sin 


from which 
10 tan ¢ + 5 tan $ sin ه‎ + 5 605 ¢ — 30 = 


z 
— (2) 


substituting (2) in (1) and reducing 


f ($) 2 (1 — sin ¢) tan ¢ — cos ¢ + هب‎ — 
T" — 
Tees (3) 


The numerical solution of this equation 
can be reached by rapid steps to any 
desired degree of precision by Newton’s 
method of approximation. After three 
approximation steps, the answer is 
found to be 


x = 43.2285 + 0.000.1 





1 
Length of pipe-Ifü": 
S 
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Materials Standardization Aids 


Preparation of Purchase Specifications 


GENERAL ELECTRIC, like many other 
large organizations, has set up quality 
standards for the materials going into 
the manufacture of its apparatus and 
merchandise equipment. Because of the 
thousands of different materials pur- 
chased each year, these standards neces- 
sarily cover a wide and diversified field. 
Practically every major group or fam- 
ily of materials is represented from 
paper, textiles, glass, sand and refracto- 
ries, to ferrous and non-ferrous metals, 
chemicals, rubber, fabricated parts and 
finished. 

According to Mr. G. H. Harnden of 
the Works Laboratory of the General 
Electric Company at Schenectady, N. Y., 
standardization of materials is very 
closely associated with the preparation 
of purchase specifications. For that mat- 
ter, before a material may be considered 
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standard, it is necessary to set up 
reasonable requirements 
which will guarantee the maintenance 
of quality and workmanship on future 
shipments. In doing this, commercial 
specifications of industry are closely 
scrutinized to ascertain if they may be 
used in whole or in part. Conferences 
are arranged with the manufacturers 
and interested engineering and manu- 
facturing departments. As a result a 
G. E. standard is proposed around which 
a purchase specification is prepared 
which will cover satisfactorily the engi- 
neering requirements and guarantee the 
maintenance of quality of the material 
without penalizing the manufacturer. 
This work is carried on by the Speci- 
fication Section of the Schenectady 
Works Laboratory, under the super- 
vision of Mr. Harnden and in con- 


specification 
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More than 1,400 standards, compiled in these volumes by G. H. Harnden of General 
Electric (above) form the basis for all G. E. specifications 
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junction with the Standards Depart. 
ment. The illustration showing the 
standards to date will indicate the mag. 
nitude of the work. This group consists 
of approximately 1400 G. E. standards, 
together with their purchase specifica. 
tions, as well as several hundred 
specifications on special materials (non. 
standard). Each month an average of 
ten new standards are added to thi: 
group, while approximately forty speci. 
fications covering existing standards are 
revised to keep them in accordance 
with changing engineering require. 
ments, revisions in existing commercial 
standards, and to take advantage of the 
development of new materials suitable 
for the application intended. 

In addition to the preparation of G. E. 
standards, there is also the preparation 
of cross-reference information on gov 
ernment specifications and other nation- 
ally recognized standards for the use of 
engineering and manufacturing depart. 
ments. (These are not shown in the 
illustration). In these times of national 
emergency, every effort is made to ce 
ordinate G. E. standards with govern: 
mental bureau specifications and other 
nationally recognized standards. One 
does not realize the magnitude of this 
co-ordination work, but it entails the 
careful comparison of approximately 
3000 different standards with compar- 
able G. E. standards, and the noting of 
the differences therein. 

The manner in which G. E. dissemi- 
nates information on its standards 
throughout its widely separated Works 
and Manufacturing Departments is 
novel. Data on a standard material are 
issued in three different forms, giving 
different functions only the type of in 
formation in which they are interested. 
as follows: 

(a) The purchase specification as de 
scribed herein is intended for use by 
the manufacturers and is distributed to 
them by the Purchasing Department. 

(b) The eng‘neering property shee! 
contains ell essentis] ene neering in 
formation containe! in the purchas 
specification, as well as other typ ca 
cata on the material, such as machine 
ability, weldability, corrosion resistance. 
recommended usage, etc. This sheet 
given wide distribution throughout the 
engineering, drafting and factory de 
partments. 

(c) The data for ordering sheet cor 
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tains a brief description of the material, 
indicates the latest edition of the specifi- 
cation, advises the proper wording of 
orders, and lists the approved sources 
of supply. This sheet is distributed only 
to those departments interested in the 
placing of orders for materials. 

With the preparation of a specifica- 
tion standard, a G. E. material designa- 
tion consisting of a combination of let- 
ters and numerals is assigned to it. The 
numbering classifies the type of material 
and thereafter in all data sheets, cor- 
respondence, etc., the material number 
of the standard serves to identify the 
standard and act as a file reference. 


New Plastic Molding 
Process Announced 


A NEW PROCESS for molding sheets of 
almost any thermoplastic material is 
the important announcement of Walco 
Plastics of East Orange, N. J. By the 
Walco process, sheets of thermoplastic 
material, even cellulose acetate, are 
molded with a single operation into 
such objects as radio cabinets, fluores- 
cent lighting fixtures and many other 
intricate shapes. 

In the past such articles have been 
produced by the well-established injec- 
tion and compression molding methods 
which use molding powders and require 
costly dies. The incorporation of a new 
mold construction in the new method, 
combined with a pretreating process be- 
fore molding the sheet, give low die cost. 

With the Walco process, a single 


operation between male and female dies 
transforms a flat sheet of any thermo- 
plastic material into a finished article 
with as many curves, corners or angles 
as desired. The article is then said to 
be ready for shipment unless decorative 
work is to be applied. Buffing or polish- 
ing operations are rarely required. 

Another advantage claimed for this 
process is the ability to mold very thin 
sheets from 0.005 in. thickness up. This 
is said to be very much lower than the 
thinness limit for injection and com- 
pression molding so that, while material 
costs may be higher for sheets, the 
thinner sections possible will reduce the 
cost of many items. 

Of considerable interest to engineers 
is the fact that products molded by the 
Walco process are said to show scarcely 
any variation in thickness throughout 
the finished article. A radio cabinet 
molded to a depth of 6 in. is very little 
thinner at the point of its extreme depth 
of mold, in this case its front panel, than 
at the rear parts of the top and bottom 
sections. Similarly the walls and curved 
sections of a seamless candy box are 
neither thicker nor thinner than the 
body of the box itself. This uniformity 
is said to be achieved during the mold- 
ing process when, under the heat and 
pressure of the die, an actual flow of 
material within the sheet takes place. 
While the technique used to achieve 
this flow has not been made public, it 
can be said that the finished article is 
held to be uniformly thick throughout. 

Walco Plastics are now beginning 
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Besides the radio cabinet and luminaire mentioned, a 27 in. high display bottle of 
tellulose acetate, molded in two sections, and two juke box parts, also made by the 


Valco Process, are shown 
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large-scale production of both civilian 
and defense orders. One of their ob- 
jectives is claimed to be the relieving of 
shortages in metals by such products zs 
their one-piece fluorescent lighting fix- 
ture, designed to eliminate the necessity 
for metal brackets and end pieces. 


Strategic Materials Table 
Aids Substitute Selection 


THE TABLE BELOW will surprise many 
people whose ideas on the availability 
of strategic raw materials have been 
rather hazy. Latest figures for the pro- 
duction and consumption of and re- 
quirements for, the major strategic ma- 
terials have placed them in the order 
of decreasing scarcity given below. Be- 
side the names of the materials are 
their available tonnage in 1941 in per- 
cent of steel tonnage, taken as 100 per- 
cent. Starting with the most scarce, 
then, we have 


N cca cece ceno 0.02 
E arre ما‎ cO 0.44 
L O ————— 0.11 
A ETEA 1.97 
0.18 

t d Xy s 1.10 
۳ S 1.9 
I ی‎ R 0.002 
۳ ی‎ aa 0.02 
۱ LL crier e dé wi aqu dini 1.14 
o E PRE 0.005 
D 0.30 
SO 0.59 
ed r و‎ 0.10 
PS 0.14 
O NEIE re 0.88 


Certain additional items may be added 
to fill out the picture. For example, ton- 
nage of concrete stands at 119% and 
lumber at 68% of steel. Also, cobalt 
occupies a scarcity position just below 
nickel and, between vanadium and tung- 
sten come cadmium, graphite, antimony 
and pig iron in that order. Mercury 
deserves a place just ahead of chromium 
and mica splittings should come just 
after chromium. 

That so few materials have even 1% 
of the production of steel is the most 
surprising fact. However, this is no indi- 
cation of shortage because consumption 
maintains the same percentage ratio. It 
is also evident, for example, that substi- 
tution of 1 Ib. of steel for 1 Ib. of alumi- 
num helps the availability of aluminum 
over 200 times as much as it hurts the 
availability of steel. Estimates of this 
type may be helpful in determining re- 
placement materials to be used. 

It seems contradictory that all the 
least scarce items from manganese down 
are almost completely dependent on 
overseas shipments. The answer is that 
increased imports and careful alloca- 
tions have built stock piles of such 
dimensions that these items are at pres- 
ent among the least scarce of strategic 


ol 





materials. Such imported materials as 
cobalt, cork and tungsten, however, have 
reached no such favorable position as 
yet. 

Choices of possible substitute mate- 
rials may be well worth reconsidering 
in the light of such a table as this. 


Defense Production 
Reaches Bureau of 
Standards 


THE EXTENT to which gages used in in- 
dustry have been sent to the Bureau of 
Standards for checking has increased 
directly with the rise in production for 
national defense. Requests for calibra- 
tion are now coming in at the rate of 
800 a month. 

The tolerance of some machine work 
requires the precision gage of the shop 
to be correct within one or two hundred- 
thousandths of an inch, This, in turn, 
requires that the secondary or working 
standards used in the laboratory be cor- 
rect to within millionths of an inch. 

In earlier years the end standards of 
the Bureau were calibrated with the 
accepted international line standards de- 
rived from the meter. These methods, 
requiring the use of microscopes, were 
subject to a wider margin of error than 
are permitted by the close tolerances re- 
quired in modern mass production. 

In more recent years the lengths of 
standard light waves, which are invari- 
able, have been used as primary stand- 
ards. This method is based upon the 
standard wavelength of the red line of 
cadmium. Within the length of the 
standard meter there are more than a 
million and one-half wavelengths of 
light. 

A ruling machine developed by the 
bureau for graduating meter bars in 
terms of light waves is now in regular 
use and progress has been made on 
similar equipment for stepping off deci- 
meter and shorter scales. 

Meter bars produced with this equip- 
ment differ from the approved interna- 
tional standard by less than two parts 
in 10,000,000. The diamond cutting tool 
which does the ruling must be sharpened 
to one hundred-thousandth of an inch. 


Magnesium From Ocean 


Wins Award 


Man’s first successful commercial pro- 
duction of any material from the ocean 
was rewarded recently with the “Award 
for Chemical Engineering Achievement” 
presented biennially by the magazine 
“Chemical and Metallurgical Engineer- 
ing.” For the successful development of 
its process for obtaining metallic magne- 
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sium from seawater the Award was 
made to the Dow Chemical Company. 

Culminating years of research and ex- 
perimentation, production at the new 
Freeport, Texas, plant began on Jan. 21, 
1941. Here some 300,000,000 gallons of 
water daily are mixed with lime ob- 
tained from oyster shells dredged from 
the bottom of Galveston Bay. The re- 
sultant magnesium hydroxide precipi- 
tate is then filtered, dried and caked. 
The cakes are then dissolved in a hydro- 
chloric acid solution to give magnesum 
chloride in liquid form. This liquid is 
concentrated until only filtered, crystal- 
lized magnesium chloride remains and 
this material, in molten state, is used 
to charge the electrolytic cells, each of 
which can produce about 1,000 lb. of 
metal a day with an average purity of 


*York Plan" Sponsor 
Receives Award 


On Dec. 3, the American Society of Re- 
frigerating Engineers, convening for its 
annual meeting at St. Louis, Mo., pre- 
sented its Distinguished Service Award 
to Mr. William S. Shipley, one of its 
past presidents, in recognition of his 
leadership and outstanding effort in de- 
veloping and bringing into successful 
use the “York Plan,” a cooperative plan 
for coordinating the community’s civic 
and industrial activities in the interest 
of the National Defense Program. Mr. 
Shipley is chairman of the board of 
York Ice Machinery Corp., chairman of 
the Defense Committee of the Manufac- 
turers Association of York, and chair- 
man of Region No. 10 of the Pennsyl- 
vania Div. of Contract Distribution of 
the OPM. 

The “York Plan” was created by the 
Defense Committee of the Manufactur- 
ers Association of York. This committee 
was appointed in July 1940 to study 


Meetings 


Society of Automotive Engineers 
—Annual Meeting and Engineering 
Display, Book Cadillac Hotel, De- 
troit, Mich., Jan. 12-16, 1942. John 
A. C. Warner secretary, 29 West 39th 
St., New York, N. Y. 


American Society of Heating and 
Ventilating Engineers—Annual Meet- 
ing and 7th International Exposi- 
tion, Commercial Museum, Phila- 
delphia, Pa., Jan. 26-30, 1942. 
Charles F. Roth, manager, Grand 
Central Palace, New York, N. Y. 


better than 99.8 percent. 

The Dow Company's magnesium pro. 
duction for 1941 is said to total 54,000. 
000 Ib. but defense demands are ey. 
pected to raise this to 125,000,000 1b. for 
next year, counting Dow plants and goy. 
ernment plants run by Dow. 


Do You Know That— 


Egyptian ladies in 900 B.C. carried 
vanity cases made of iron which was 
almost a precious metal in those days, 


(1) 


The steel industry, biggest user of 
scrap, makes a good share of its own 
scrap since only 70 percent of a steel 
ingot becomes finished steel. (2) 


the problems which were arising at 
York as a result of the expanding de. 
fense program, and to investigate not 
only their effect on the community but 
how the community as a unit could best 
function. Out of this study came the 
“York Plan” which has been called the 
outstanding plan for cooperative activ. 
ity and has been adopted as the model 
for cooperative community activity in 
the interest of National Defense. 


Inventors’ Contributions 
Aid Defense 


DESCRIBING THE WORK of the National 
Investors’ Council of which he is chief 
engineer, Col. L. B. Lent told the Ameri- 
can Society of Mechanical Engineers on 
Dec. 3 in New York City, that some 
revolutionary new weapons submitted 
to the council are now under test and 
development. “Obviously, the nature of 
these cannot be disclosed,” Col. Lent 
added, “but about 40 percent are in the 
general field of ordnance, which in 
cludes all kinds of guns and ammuni- 
tion and also tanks, amphibians and fire 
control devices; about 20 percent are 
in the field of aircraft, including power 
plants and flying equipment and the re 
maining 40 percent encompass all other 
phases of warfare. A relatively large 
number pertain to geometric and optical 
instruments and to radio and other elec 
trical devices." 

"The number of devices and idea: 
which are of potential value is quite 
surprising and indeed most encourag 
ing. Many suggestions are, of course, 
most amusing. However, the daily con- 
sideration of these cases brings a grow 
ing conviction of the need of a larget 
percentage of ideas coming from those 
who know their subject.” 
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Engineers against Japan have all 
the advantage, though, as the President 
said, at the outset, all the news was bad. 
The military experts here were startled 
by the effectiveness of Japan’s attack. 
Everybody believed, as everybody said, 
that the little yellow men had poor air- 
planes which they didn’t know how to 
fly very well. Regardless of what hap- 
pened, the best obtainable information 
shows precisely that to be true. Nip- 
pon’s brilliant success was due to (1) 
audacity; (2) Nazi coaching and direct 
aid; and (3) American inexperience. 


Total air forces of Japan’s Army 
and Navy combined is something less 
than 5,000 planes. Production rate is 
about 250 a month, as compared with 
present U.S. rate 2,300 a month—a 
rate which will increase to 3,000 early 
in 1942. Apparently none of Nippon’s 
fighter planes have retractable landing 
gear; they are all still in the wheel- 
pants stage of development. One of 
two of their bombers look up to stand- 
ard. The fastest ship in the country, 
according to a recent study by Avia- 
tion Magazine, was rated at 310 m.p.h. 
Japan has no four-engined bombers at 
all. The four-engined planes that took 
part in the attack on Pearl Harbor 
were German Focke-Wulfs, probably 
flown by Germans. It should be noted 
that the total ship-based air arm of the 
Japanese Navy is about 250 planes. 


Nearly all plane design in Japan 
is copled from imported machines. 
Naturally, no country will export their 
latest designs, so Japan's stuff is old 
when they start work on it. Not even 
the Germans have given them latest 
developments. Incidentally, Germany 
is behind the combined production of 
the United States and Britain now, and 
will not be able to give Japan any. 
Delivery would be a difficult problem, 
too. The Nippons have followed Italian 
design, more than any other. A few 
years back they bought the big Douglas 
DC-4, which proved too large to suit 
transport operators, and the production 
model was reduced in size. Obviously 
Japan wanted to copy the Douglas. 
Later on, they crashed it, which may 
be why they never made a replica. 


At the start of this war, we were 
even up with Japan on carriers—seven 
apiece. Of course, many of our mer- 
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chant ships are being built for conver- 
sion And, if the Nazis force collabora- 
tion of France any farther, we will take 
the Normandie and convert her. Bright- 
est spot in the seven to seven ratio with 
Japan is that the Nippon carriers are 
only half the size of ours, carrying aver- 
age 40 planes to our 80. 


Startling developments, now being 
worked on by the Air Corps and by the 
National Advisory Committee for Aero- 
nautics, may have a revolutionary effect 
on air war. Whole new fields of design 
for aircraft and accessories are being 
investigated with amazing results. 
Japan, noted for her ability to copy, is 
likely to fall behind this country more 
and more, (except for what she can get 
from the Nazis) now that all these de- 
velopments have become super-secret. 


Some German dive bombers have 
been equipped with quick-dumping gas 
tanks, to prevent death by fire of crew 
in forced landings as a result of enemy 
action. The tank has a vertical stand- 
pipe reaching almost to the bottom, 
which comes out the top and is carried 
back to the tail of the plane. In case of 
emergency the pilot opens a valve ad- 
mitting air pressure from the super- 
chargers into the gas tanks, which 
empties them quickly. 


A steel airplane is being designed 
by a committee for Reconstruction 
Finance Corporation. It is a freight 
carrier, and is wanted to take the place 
of the high-lift German Junkers JU-52 
in South America where RFC has the 
job of driving the Nazis out of the air- 
line business. 

The ship, nearing completion on 
paper, is a high-wing monoplane with 
two engines, a rugged fuselage with big 
freight hatches, and four-wheel landing 
gear. They call it a flying freight car. 
Stainless steel is being specified for the 
entire air frame, including wing stubs; 
wings to be wood, some aluminum and 
fabric. When we asked some top-notch 
Government authorities why, if steel 
planes can be built, they aren’t being 
built, they replied with a shrug that it’s 
a matter of habit. Engineers just get 
used to working in terms of aluminum, 
and they don’t like to change. Some of 
them said that a given airplane weighs 
about the same in steel as it does in 
aluminum. Nowadays, however, with 


stainless steel the only type that can 
be used in planes and nickel almost 
scarcer than aluminum, designers have 
to stick to aluminum. 


Mobile laundry units are being or- 
dered by quartermaster. Twenty-one 
will be built by the U. S. Hoffman Ma- 
chinery Corporation, and sixteen by the 
American Laundry Machinery Com- 
pany. Units have their own boilers and 
power plants and are designed to pump 
water from any available source. Sev- 
eral test units were run for some time 
before final design. 


First “Liberty” EC-2 engine was 
completed recently by the Harrison 
Works of Worthington Pump & Ma- 
chinery, which holds a large contract, 
The engine is a reciprocating three- 
cylinder triple expansion condensing 
type, weighing about 150 tons. It deliv- 
ers 2,500 horsepower. Reciprocating en- 
gines were chosen for the emergency 
ships because facilities for building tur- 
bines are all occupied with the C ship 
program, with Navy, and with power 
generating equipment. Also, it is easier 
to find engineers who can operate them. 


Both fluid and electric drive for 
tanks are in the works. That is all the 
Ordnance Office will say. Fluid drive is 
reported going into light tanks first, 
under a Cadillac contract. Chrysler is 
testing the application in its medium 
tanks. Fluid drive would eliminate most 
of the heavy transmission gear, and in- 
crease maneuverability. It is reported 
too that automobile engines, installed in 
multiples of two or four, will replace 
some airplane engines. Liquid cooling 
would seem to increase the risk of fail- 
ure, but Ordnance officers refused to dis- 
cuss the matter. No information could 
be found on use of electric drive. 


“The year’s greatest achieve- 
ment in aviation,” is what General 
Henry Arnold, Army Air Force Chief, 
said about metal strip runway for air- 
ports. It was tested during Carolina 
maneuvers. It consists of steel sheets 10 
ft. long and 15 in. wide, hooked together 
to form a tight, firm landing surface. 
The steel sheet is punched out for light- 
ness and corrugated. During the man- 
euvers, 75 soldiers laid a foot of 100 ft. 
wide runway per minute—or 50 hours 
to lay a complete 3,009 ft. runway. 
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Variable Delivery Pump 


This variable delivery, high-pressure 
pump recently developed provides a 
range of flow from 0 to 6 g.p.m. at 
5.000 lb, per sq. in. pressure. A new 
driving member trunnioned on the drive 
shaft makes this possible. The angle of 
this member can be varied while the 
pump is running to produce a corre- 
sponding stepless change in plunger 
stroke from zero to full 4-in. stroke. 
Extended to the outside of the pump 
casing, the stroke control shaft may be 
attached for either manual or automatic 
pressure control. The manufacturers 


particularly recommend this pump for 
hydraulic press applications where a 
rapid advance must be followed by slow 
movement at high pressure and for 
boiler feed where sudden changes in 
output effect water level. Equipped 
with a 25-hp. motor, the entire unit is 
but 4 ft. high and requires floor space 
of only 4x4 ft. It weighs 5.000 lb. 
Other units can be built for designed 
pressures ranging from a few hundred 
to 10,000 lb. per sq. in. Watson-Still- 
man Co., Roselle, N. J. 


Line of Rectifiers 


A new line of full-wave rectifiers for 
all industrial purposes has eleven 
models ranging in capacities from 100 
to 15,000 watts. Two high-capacity. 
single plate tubes, one for each half 
cycle, have a 2,000-hr. guarantee. These 
are housed in cabinets designed for 
wall mounting, a hinged cover provid- 
ing accessibility for replacements. As 
a terminal strip is provided for con- 


4 


erials and Par 


necting the a-c input and d-c output 
lines, installation of the rectifier is 
simple. The control switch is mounted 
on the door of the cabinet and an indi- 
cating light shows when the unit is in 
operation. Weltronic Corp. E. Outer 


Drive, Detroit, Mich. 


W hiteprint Machine 


Capable of producing finished 
whiteprints at speeds up to 20 ft. per 
min. (max. width 42 in.), this new 
Model B whiteprint machine has a 
temperature control for the printing 
cylinder so that the entire range of 
Ozalid sensitized materials can be 
printed. A fluorescent light illuminates 
the front print delivery tray and feed 
board and also allows inspection for 
correct printing and developing of 
prints delivered at the rear of the ma- 
chine. The burner shade is adjustable 


to permit the running of prints of 
varying opacity without change in 
printing speed. A blower hook-up 
creates the vacuum for the auto- 
matic separation of original from 
print, air pressure for the automatic 
pick-off device, and a slight vac- 


uum inside the machine which pre. 
vents small leakage of ammonia fumes 
from escaping from the developer. Oc- 
cupying only 19 sq. ft. of floor space, 
the machine requires only one operator, 
Ozalid Products Div., Gen. Aniline & 
Film Corp., Johnson City, N. Y. 


Combination W atthour and 


Thermal Demand Meter 


In standard house size, case and 
mounting, a new, low-cost combination 
watthour and thermal demand meter 
has been developed. The unit has a« 
ratings of 5, 15 and 50 amps. 120 
to 240 volts, 2 and 3 wire for reading 
up to 20 kw. and is similar in general 
appearance to the ordinary watthour 
meter. In eliminating the self-con- 
tained transformer used in previous 
thermal meters, the voltage component 
of the thermal element is fed by a 
secondary coil wound over the potential 
coil of the watthour meter, thus mak. 
ing possible the combination in one 
unit. Improved design of the thermal 


unit is said to reduce greatly the re- 
quired operating energy. Two demand 
pointers operate as a pusher and indi- 
cator of maximum demand respectively. 
Accurately balanced, the latter is held 
in position by an adjustable friction de- 
vice to eliminate shifting due to vibra- 
tion. The watthour mechanism has 
standard adjustments for load and 
power factor, and the thermal unit has 
two adjustments—for zero and_ full 
load. Westinghouse Electric & Mfg. 
Co., East Pittsburgh, Pa. 
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Speed Nut Ring 


For attaching aircraft landing lights, 
hand hold plates and access doors, an 
assembly device has been designed with 
floating “U” type Speed Nuts snapped 
over an aluminum carrying ring. This 
ring may be riveted to a doubler plate 
or other structure and the degree of 
float governed by the size of holes over 
which the nuts fit. It is claimed that 
this type of assembly weighs only 30 
or 40 percent as much as former fast- 
eners and that it reduces net assem- 
bly costs from 70 to 80 percent. Timer- 
man Products, Inc., 2041 Fulton Rd., 
Cleveland, Ohio. 


Varnished Glass Sleeving 


Higher dielectric strength and in- 
creased flexibilty are properties claimed 
for Turbo Glass Sleeving now proc- 
essed with a natural oil base varnish. 
According to the manufacturers, com- 
parative tests show that this varnish 
application reduces the stretch factor 
to a practical minimum, providing 
greater stability in applications requir- 
ing bending at acute angles. Listed as 
a special feature of this material is its 
precise roundness whereby objection- 
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able circumferential wrinkles and gaps 
are eliminated. It comes in two grades. 
in all standard diameters. William 
Brand & Co., 276 Fourta Ave., New 
York, N. Y. 


Electronic Motor Control 


To provide simple, stepless, wide- 
range speed control of d-c motors op- 
erating from a-c lines, a new electronic 
contro] system, called *Thy-mo-trol, has 
been announced. Consisting of three 





separate units—a small control sta- 
tion, transformer, and thyraton tube 
panel—the control provides in one 
equipment the means for electronically 
starting, stopping, accelerating and 
regulating the speed of a motor. Stand- 
ard units cover motor sizes up to 5 hp., 
230 volts. A  single-dial control, 
mounted in a heavy-duty push-button 
station, covers the complete speed 
range of the motor, both above and 
below basic speed. The motor is auto- 
matically accelerated to preset speed 
quickly and smoothly without exces- 
sive current peaks. Changes in speed 
during operation are accomplished by 
the same dial. Thy-mo-trol equipment 
can be provided for reversing service 
and for dynamic braking. The control 
Folds motor speeds constant regardless 
of normal-load and line-voltage varia- 
tions. Stepless speed control increases 
armature voltage up to basic speed and 
weakens the field at speeds above basic. 
Acceleration is automatic. Full field is 
keld until basic speed is reached and 
is also applied during dynamic brak- 
ing. A thermal overload relay protects 
the motor on sustained overloads; fuses 
provide d-c short-circuit protection. 
General Electric Co., Schenectady, N. Y. 
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Soldering Device 


“Jiggers” is the name of a device 
said to be “a complete soldering kit in 
a nutshell” for soldering electric wire 
splices. A jigger consists of a hermeti- 
cally sealed, waterproof, heat-generat- 
ing shell containing correct amounts of 
flux and solder. To obtain a soldered 
connection, the wire splice is pushed 
into the shell which is then touched 
with a lighted match. After the shell 
ignites and burns at the proper temper- 
ature to flow over the splice solder, the 
burnt remains are dropped off. A 
smooth, soldered splice is said to be 
obtained and no soldering iron, torch 
or solder pot is needed. Jiggers, Inc., 


215 W. Illinois St., Chicago, Ill. 


Rotary Air Pump 


Especially suited for such operations 
as paper feeding, lithographer’s film 
plate holders, milking machines and 
other slow-speed applications, this new 
V-belt driven rotary air pump, Model 
15F50, can be adapted for operation 
with 14, 14, %, and 34 hp. motors by 
changing the size of the motor pulley. 
Advantages claimed for the pump are 
slow, quiet operation, long life, ease 
of installation regardless of shaft 








height or diameter, and low power re- 
quired in proportion to the large air 
volume delivered. A heavy duty shaft 
and large ball bearings take care of 
belt side-thrust. The pump sheave in- 
corporates a cooling fan. This rotary 
design provides operation without gears. 
springs or valves, which is said to re- 
sult in economical and trouble-free per- 
formance. Gast Manufacturing Corp., 
Hinkley St., Benton Harbor, Mich. 


Machine Tool Transmission 


With 30-hp. capacity for motorizing 
cone driven machine tools, a new trans- 
mission the “Super”, is suitable for re- 
placement of gear boxes on large bor- 
ing mills, radial drills, etc. and can be 
used to motorize large slotters, engine 
and turret lathes. It has 8 changes of 
speed in geometric progression of 1.29 
with a maximum reduction of 6 to 1. 


All gears and shafts are made of alloy 
steel, heat treated, and shafts run on 
anti-friction bearings. Case is amply 
provided with oil seals. This trans- 
mission may be adapted to all kinds of 
machine tools with three models of 
Multi Motor Mounting as follows: 
Lathe Bracket, also for motorizing au- 
tomatics, bolt cutters, Fellows gear 
shapers, vertical milling machines, 
screw machines, etc.; Shaper Bracket, 
also for boring mills, vertical mills, 
etc.; and Milling Machine Bracket. 
Western Manufacturing Co., 3428 Scot- 
ton Ave.. Detroit. Mich. 


High-Pressure Valve 


For operating pressures up to 3,000 
lb., a new line of “Atkomatic” valves 
is made in %, 34 and 11⁄-in. sizes and 
furnished for standard currents. Under 
some conditions, when used on liquids, 
an amount of timing control may be 
obtained on opening and closing speeds. 
One of these valves is shown operat- 
ing a 250-ton press at 1,000 lb. oil 
pressure, with full remote control. Due 
to an automatic arrangement, when 
press hits full load, pressure immedi- 
ately goes to original accumulator 
pressure with no time lag. Valves are 
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bronze, packless and rugged. They 
have screwed ends and renewable seats 
and disks. Seat diameters can be fur- 
nished up to full pipe size. Bubble- 
tight pilot assembly can be furnished 
for air and gas operation. E. C. Atkins 
and Co., 402 S. Illinois St., Indianap- 
olis, Ind. 


Panel Mounting Bracket for 
Micro Switch 


Primarily designed for aircraft, a 
Type “M” micro switch actuator comes 
in bracket form for panel mounting. 
Principal advantages of the unit are 
(1) variety of application because of 
the sturdiness of the assembly, (2) 
protection given the micro switch unit, 
(3) ease of switch replacement with- 
out removing actuator from panel 
mounting, and (4) location of point of 


operation can be changed simply by ad. 
justing the panel mounting. Mounting 
is by three hex nuts, two to position the 
switch and the third to lock the assem. 
bly in place. The actuator can be 
mounted in holes 43 in. in diameter on 
panels up to 1% in. thick. Three 
lengths of plungers are available— 
Type M-2 allows for 14-in. overtravel 
and has a short bushing; Type M-7 
allows Yg-in overtravel and has a long 
bushing; and Type M-27 is a hybrid 
having 44-in. overtravel and a long 
bushing. Micro Switch Corp., Freeport, 


Ill. 


Drum Controllers 


Features incorporated in a new line 
of drum controllers for small cranes 
and hoists include a rope operating 
lever and a new anti-plug system. The 
former, embodying an equalized torque 
principle, eliminates cumbersome 
sheave wheel, rope guard, and external 
return spring, providing smooth, easy 


operation, according to information re- 
ceived, even when the rope is pulled 
at an angle. An increase in drum life 
is made possible by the anti-plug fea- 
ture which makes it impossible to whip 
drum from full forward to full reverse 
position. Drum can be reversed rapidly, 
but a definite time delay is required 
in the off position. New drums come in 
self-centering rope lever, self-centering 
and  non-self-centering radial lever 
types, for four or six speeds. Cutler 
Hammer, Inc., Milwaukee, Wis. 


Coolant Pumps 


Features of a new series of coolant 
pumps among which is the Model 17 
shown include (a) open impeller which 
allows small chips or grit to pass 
through the pump without harming it, 
(b) no stuffing box, (c) compact de- 
sign for installation in small space, and 
(d) no priming. Designed for use on 
lathes, shapers, and other machines 
where a steady stream of coolant or 
cutting oil is necessary, they are also 
suitable for pumping non-viscous liq 
uids for cooling and circulating appli- 
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cations. "Long" and “Short” models 
are 1934 in. and 1634 in. high, re- 
spectively; the former weighs 35 lb., 
the latter 30. The !&-hp., 1725 r.p.m., 
impulsion induction motor is semi- 
inclosed. As there is no metal to metal 
contact below the liquid level, the 
handling of non-lubricating liquids is 
possible. Of centrifugal type, these 
pumps have a maximum capacity of 
17 gal. per min. at maximum pressure 
of 6 Ib. per sq. in. They are furnished 
in a variety of mountings. Eastern En- 
gineering Co., 45 Fox St., New Haven, 
Conn. 





T-Connector 


For tapping cable from tubing, the 
Type NVT connector accomodates a 
large range of cable sizes through a 
flattened U-bolt on the tap. Also, the 
large compressive range of this bolt 
makes it especially suitable for clamp- 
ing flexible and extra-flexible cables. 
Where mechanical stresses are con- 
siderable, two U-bolts may be desired. 
On large conductor sizes, four oval- 
shank Everdur bolts are used to clamp 
the run conductor. Two bolts are used 
for small sizes. Good contact without 
mutilation of cable strands is insured 
by the large, flat clamping surface of 
the U-bolt. Burndy Engineering Co., 


Inc., 107 Eastern Blvd., New York. 
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Cutting Machine 


Through the use of old razor blades, 
this trimming machine can be em- 
ployed to cut to size blue prints, trac- 
ings, photographic paper, leather, 


cloth, etc. Margins from %g in. to 2 in. 
are said to be obtained automatically 
around frames. It comes in four sizes, 
32-, 38-, 50-, and 62-in. with cutting 
sizes, respectively, 25, 31, 43, and 55 in. 
Edi Trimming Machine Co., 611 W. 
112th St., New York, N. Y. 





Laminated Solenoid 


As illustrated, this new laminated 
type solenoid is furnished with either 
push or pull type plunger. The field 
coil is paper section wound, taped and 
specially treated to be impervious to 
cutting oil. For constant or intermit- 
tent duty on a.c., the manufacturers 
state, this solenoid meets demands for 
rugged construction and positive re- 
liability in control of production ma- 
chinery, operation of hydraulic valves, 
and so forth. Measuring 2x2 in., these 
solenoids have a plunger stroke of 34 
in. and may be had for any voltage. 
They have a minimum push or pull of 
5.5 lbs. at full line voltage and 3.75 
lbs at 85 percent of full line voltage. 
Dean W. Davis & Co., Inc., 549 W. 
Fulton St., Chicago, Ill. 





New Switch Design 


New principles claimed for an ad- 
vanced design of Vacu-break Safety 
Switches include *Clampmatic" switch 
contacts, whereby perfect clamp pres- 
sure of the switch contacts is main- 
tained when in the “on” position; while 


a normal push of the operating handle 
will make or break the circuit with 
ease. The operating mechanism trans- 
mits a direct overcenter action to the 
switch contacts, ensuring positive make 
or break. The formed bakelite arcing 
chamber is of more simple design and 
durable material. Elimination of lost 
motion is an advantage of the front 
operating, push type, rocker handle. 
Knife-edge, two-point bearings provide 
great sensitivity for positive operation. 
This switch is available in capacities 
from 30 to 200 amps, inclusive, in both 
Master (Type “A”) line and Standard 
(Type *C") line. Bulldog Electric 
Products Co. 710 Jos. Campau Ave., 
Detroit, Mich. 





Washable Protective Film 


This washable protective covering for 
flat wall paint is designed for use in 
drafting rooms, plants, warehouses and 
offices where it is desirable to provide 
for easy cleaning of painted walls. It 
may be applied over a cleaned or newly 
painted wall and provides a clear, trans- 
parent, flat protective film that prevents 
dust, dirt and grime from penetrating 
the pores of the paint. It dries flat 
within 20 min. at 70 deg. F., and pos- 
sesses high ability to reflect and dif- 
fuse light. One gallon covers approxi- 
mately 1,500 sq. ft. This film, named 
“Bergonize,” is removed by application 
of clear water with a sponge or rag, 
taking with it all dirt and leaving the 
surface in its original paint-clean con- 
dition. It is not recommended for use 
where considerable steam escapes into 
the air, or where condensation takes 
place on the walls or ceilings. The Ber- 
gonize Co., Merchandise Mart, Chicago. 
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Books and Bulletins 





Engineering Tools 


and Process 


HERMAN C. HEssE—627 pages, 6lox 
914 in. 903 illustrations. Maroon buck- 
ram covers. Published by D. Van Nost- 
rand Co., Inc., 250 Fourth Ave., New 
York. Price $4.50. 


No design engineer doubts that he 
must be well acquainted with the pos- 
sibilities and limitations of manufactur- 
ing methods, but many are so remote 
from the shop that they need an oc- 
casional brushing up of their produc- 
tion background. This book meets this 
need quite adequately. 

The first three chapters offer a sur- 
vey of basic materials, elements and 
devices. Then the book takes up the 
study of shop processes and practices, 
placing particular emphasis on produc- 
tion machinery. Because of his broad 
coverage of production technique, the 
author goes beyond the average college 
text book which presents only basic 
processes and machines. 

The text concludes with a discus- 
sion of important design considerations 
and the manner in which they affect 
production economy and feasibility. 
The book contains an excellent bibliog- 
raphy, and is so arranged as to facili- 
tate reference. 


Testing and Inspection 
of Engineering Materials 


Harmer E. Davis, Georce E. Trox- 
ELL, and CLEMENT T. WiskociL—372 
pages, 7x10 in. Published by McGraw- 
Hill Book Co., 330 W. 42nd St., New 
York, N. Y. Price $3.50. 


Assembled in this volume in con- 
densed form are much pertinent data 
and specifications dealing with the 
properties of engineering materials and 
the methods used in testing laboratories 
for determining those properties. 

Divided into two sections, the text 
deals first with the concepts and gen- 
eral principles of testing and inspec- 
tion and second with the methods of 
conducting common tests in the labora- 
tory. 

The book, although written for class 
room work, is of interest and value to 
engineers and designers who are 
charged with the responsibility of de- 
veloping adequate, enforceable specifi- 
cations for the control of quality in 
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materials through appropriate inspec- 
tion processes. 

Included as an appendix is a list of 
approximately 240 references to se- 
lected sources of authoritative informa- 
tion. 


Standard Handbook For 


Electrical Engineers 


A. E. KNOWLTON, Editor-in-Chief— 
Seventh Edition, 2303 pages, 6x9 in. 
Red leatheroid flexible covers. Pub- 
lished by the McGraw-Hill Book Co., 
Inc., 330 West 42nd St., New York, 
N. Y. Price $8. 


This new edition of this popular 
handbook is designed to be primarily 
an encyclopedia of usable information 
and also a compendium of theories and 
principles relating to the various 
branches of electrical engineering. In 
the new regrouping of subject matter 
recognition has been given both to the 
changing importance of the older 
branches of the electrical art and to the 
new provinces of activity that have ap- 
peared since the publication of the 
previous edition. 

Prominent among the changes made 
in this seventh edition is the expansion 
of the former section on power-plant 
electrical equipment so that it now em- 
braces electrical equipment for the 
whole power system. Power transmis- 
sion, electronics and radio, interior wir- 
ing, illumination, prime movers, and 
telephony are other basically new treat- 
ments. Recognition is also given to such 
typically modern developments as air 
conditioning, electricity in aviation and 
in the petroleum industry, lighting 
technology, high-voltage generators and 
cyclotrons. The compilation of codes 
and standards has been greatly ex- 
panded so that users of the handbook 
may know where to obtain standard 
specifications and prescribed practices. 


Industrial Instruments for 
Measurement and Control 


TuoMas J. RHopEs—573 pages, 6x9 
in. 282 illustrations. Published by 
McGraw-Hill Book Co., 330 W. 42nd 
St., New York, N. Y. Price $6. 


This volume in the Chemical Engi- 
neering Series is intended to be both 
a textbook for the study of instruments 
and automatic control and also a prac- 


tical reference book for engineers in. 
terested in the comparatively new sci. 
ence of instrumentation which deals 
with the design, installation and main. 
tenance of instruments. 

The author has not attempted to in. 
clude descriptive material on all the 
available types and kinds of instru. 
ments and controls but rather has 
limited himself to a discussion of types 
that illustrate the theories set forth. 

Making use of both theoretical and 
practical treatment, the volume is de. 
signed around the four fundamental 
factors: temperature, pressure, fluid 
flow and liquid level. The author has 
thoroughly analyzed the field of con. 
trol and has set forth many practical 
rules for the design and maintenance 
of instruments used for various auto. 
matically controlled, continuous proc. 
esses. 


Belt Conveyors and Belt 
Elevators 


F. V. HETZEL and R. K. ALBRICHT— 
Third edition, 439 pages, 6x9 in. Blue 
clothboard covers. Published by John 
Wiley & Sons, Inc., New York. Price 
$6. 


This third edition follows the second 
edition by 15 years and brings the sub- 
ject up to date. The authors aim, as in 
the first edition of 1922, to present prac- 
tical material by explaining principles 
and the reasons for doing things rather 
than restating what appears in trade 
advertisements and describing installa- 
tions of this class of machinery. They 
tell “what is new in present-day prac- 
tice, what is better and why, and what 
has become obsolete and why”. 

The book covers the design of belt 
conveyors and elevators, starting from 
early designs and giving reasons for 
advances in design up to 1940. It in- 
cludes discussions of belts, largely rub- 
ber and fabric belting, belt drives, sup- 
ports and guides, tension and take-up 
devices, methods of loading and dis- 
charging, maintenance, and when to 
use belt conveyors. 

About one-third of the book is de- 
voted to elevators. Special attention is 
given to buckets and fastenings in this 
section in addition to driving problems 
and loading methods. 


Dielectric Strength of Glass 


E. B. Suawp—A.I.E.E. Preprint from 
Vol. 60, 1941, 5 pages, 81x11 in. 


This paper presents data to assist in 
applying glass more effectively for high 
dielectric strength. Particular attention is 
paid to “edge effects” and other factors 
which cause wide variation in breakdown 
voltages. 
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HELICAL TENSION SPRING TABLES — III 


PAUL KLAMP 


Tension Springs—Table B (continued) 


Low Stress Group Medium Stress Group High Stress Group 
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Tension Springs—Table B (continued) 





















































































Low Stress Group Medium Stress Group High Stress Group 
Spring Wire Load 
OD. Dia. Constant Defl. Defl. ۱ Defi. 
in. in ; Spring Safe Spring Per Safe Spring Per 
Ratio Load Ratio Coil Load Ratio Coil 
R P Ib. R f in. P Ib. R f in. 
66 1 0.405 20.2 0.330 0.379 24.2 0.275 0.455 
' 94 7 0.481 25.3 0.392 0.344 30.4 0.327 | 0.413 
2 .9 0.595 33.5 0. 484 0.306 10.2 0.404 0.367 
1 .9 0.670 39.1 0.546 0.286 1.0 0.455 0.344 
. 8 .9 128 13.5 0.593 0.273 92.2 0.495 0.328 
2 T 895 56.5 0.729 0.243 61.8 0.608 0.29] 
0 .6 03 61.0 0.835 0.225 80.4 0.696 0.269 
5 58.6 08 71.9 0.882 0 218 86.3 0.735 | 0.261 
۳ 2 8 3.1 . 30 89.8 1. 06 0.196 108 0.880 0.235 
3.8 .99 115 1.30 0.174 138 1.08 0.209 
107 129 Prij 0.138 155 1.48 0.165 
116 139 1.89 0.132 167 1.57 0.159 
133 160 2.13 0.123 192 1.78 0.148 
166 199 2.59 0.109 239 2.16 0.131 
209 0801 251 3.19 0.0961 301 2.66 0.115 
221 0.0775 266 3.36 0.0930 319 2.80 0.112 
261 0.0703 313 3.92 0.0844 316 3.21 0.101 
339 0.0599 106 5.04 0.0719 188 1.20 0.0863 
M .4 0.325 29.9 0.311 0.399 35.9 0.310 0.479 
6 .5 0.305 34.9 0.418 0.374 41.9 0.348 0.449 
6 7 0.291 38.9 0.453 0.357 16.6 0.378 0.429 
0 2 0.260 50.5 0.555 0.319 60.6 0.462 0.383 
.0 8 0.241 59.9 0.633 0.296 19 0.528 0.355 
.0 4 0.234 64.3 0.670 0.287 4 1 0.558 0.344 
1 5 . 4 0.211 80.2 0. 798 0.259 96.3 0.665 0.311 
.0 0.188 s 0.975 0.231 124 0.813 0.27 
2 1/4 2 0.153 1.33 0.184 138 ۱:1 0.221 
0.148 1.41 0.177 149 1.18 0.213 
0.138 1.59 0.165 172 1.33 0.198 
0.123 1.92 0.148 215 1.60 0.171 
0.109 2.99 0.131 271 1.96 0.157 
0.106 2.47 0.127 287 2.06 0.152 
0.0963 2.86 0.116 339 2.39 0.139 
0.0828 3.65 0.0994 140 3.04 0.119 
0.0782 1. 00 0.0938 | 5 3.33 | 0.113 
, A 9.1 0.386 0.330 0.474 91.8 0.275 0.568 
6 .6 0.369 0.358 0.453 12.1 0.298 | 0.544 
9 2 0.330 0.436 0.406 54.8 0.364 0.487 
9 3 0.307 0.497 0.377 65.0 0.414 0.452 
5 4 0.298 0.525 0.366 69.7 0.438 0.439 
5.9 $ 0.270 0.624 0.332 87.1 0.520 0.398 
9 .9 0.241 0.761 0.296 112 0.634 0.355 
۰ .9 0.203 1.00 0.243 129 0.834 0.292 
2 1/2 3.8 0.190 1.09 0.228 135 0.912 | 0.274 
109 0.179 1.22 0.214 157 1.02 0.251 
135 0.160 1.48 0.192 194 1.23 0.230 
3065 ‘ 171 0.142 1.80 0.170 246 1.50 0.204 
5,16 181 0.138 1.89 0.166 260 1.87 0.199 
331 5 214 0.126 2.18 0.152 308 1.82 0.182 
3625 : 278 0.110 2.76 0.132 101 2.30 0.158 
3/8 307 0.104 3.02 0.124 142 2.9] 0.149 
3938 1 354 0.0956 ). M 0.115 509 2.86 0.138 
1 33.9 0.410 0.352 0.503 50.0 0.293 0.604 
8 10.3 0.381 0.401 0.468 59.3 0.334 0.562 
1 13.2 0.370 0.423 0.454 63.6 0.352 0.545 
2 54.0 0.336 0.501 0.413 19.5 0.418 0.496 
9 69.4 0.301 0.609 0.370 102 0.507 0.44 
5 19.5 i 0.247 0.823 0.296 114 0.686 | 0.355 
9 85.8 1.05 0.239 0.873 0.286 123 0.728 0.344 
99 0 1.18 0.223 0.979 0.268 143 0.816 0.322 
2 3/4 124 1.41 0.201 1.17 0. 241 178 0.977 0.290 
^ 156 1.71 0.180 1.42 0.216 225 1.19 0.259 
. 165 1.79 0.175 1.49 0.210 238 1.24 0.252 
196 2.06 0.161 1.72 0.193 282 1.43 0.231 
255 2.59 0.140 2.16 0.168 368 1.80 0.202 
282 2.82 0.133 2.35 0.159 106 1.96 0.191 
325 3.20 0.123 2.67 0.147 168 2.23 0.177 
141 1.23 0.103 3.52 0.124 634 2.94 0.149 
© 
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